Dcoi AVAIIABLE COPY 

per WORLD INTELLECTUAL PROPERTY ORGANIZATION 

iDteroational Bureau 




AP4 



INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT C OOPERATION TOEATY (PCT) 
(51) International Patent Qassification 5 : 



(ll)lDteniationa] FubDcalion Number: ' TVO 90/09455 

(43) InteraBtional Publication Date: 23 August 1 990 (23.08,90) 



(21) International Application Number: PCT/AU90/00058 

(22) International Filing Date: 13 February 1990 (13.02.90) 



(30) Priority data: 
PJ2703 



13 February 1989 (13.02.89) AU 



(71) Applicant (for all designated States except US): GENECO 

^ LTD [AU/AU]; 10 Eagle Street, Brisbane, QLD 

(72) Inventors; and 

(75) Inventors/Applicants (for US only) : DALE, James, Langh- 
Chalcot Road, Moggili, QLD 4070 
(AU). TIMMS. Peter [AU/AU]; 5 James Street, East Ip- 
^^.'^\^^P ^^^^ t^^' WALSH, Terence, Patrick [AU/ 
AU]; 27 Statesman Crescent, Acada Ridge, QLD 4110 
(AU). 



(81) D^gnated States: AT, AT (European patent), AU. BB, BE 
(European |)atent), BF (O AH patent), BG, BJ (OAPI 

^w^^'J^^l?^ (^^^ P^^^)' (OAPI patent), 

CH, CH (European patent), CM (OAPI patent), DE, 
DE (Juropean patent), DK, DK (European patent), ES. 
K ^(European patent), FI, FR (European patent). GA 
(OAPI patent), GB, GB (Euroj^ patent), HU, IT (Eu- 
ropean patent), JP, KP, lai, LK. LU, lU (European pa- 

IS^^ ^P'-^^}^^ (^^^ P^^^*)' ^ (OAPI patent), 
MW, NL, NL (Euxopeaaa pateot), NO^ RO, SD, SE, SE 
(European patent), SN (OAK p^ent), SU, TD (OAPI 
patent), TG (OAPI patent), US. .. . 

■ ' • • ■-. iS' 

Published 

W7f/r intemationaJ seardii report. 



(54) Title: DETECTION OF A NUCLEIC ACID SEQUENCE OR A CHANGE THEREIN " 

(57)Abstract 

materiS T^°^y°' ^ 'P^"!?*' polynucleotide sequence in a material is disdosecL TTie method indhidM exposine said 

material to an obgonucleot.de pnmer having a sequence complementary to part of said specific polynti^eSsSu^^ wherSn 
said pnmer bmds to part of said polynucleotide sequence when present in said materialS«J^bffiK^?J^T£^ 
quence .s extended wherein any extended primer includes a det^ble A^^S^^^S^S,^^^^^^^ 
mer is then separated into a fraction wherein said fraction does not have detectable SSiSS^lTS^SeS nl^r" 
One then determines whether any extended primer is present in said fraction by ass^Sd fraS^teS^^S n^i; 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the finont pages of pamphlets publishing international 
applications under the PCT. 



AT AiBtria 

AU Aintxalia 

BB Bafbftdos 

BE BelgMni 

BF BufiinaFiao 

BG BtOBVta 

Bl BeBio 

BR BnzO 

CA Canada 

CF Central African Republic 

CG Congo 

CH Switzerland 

CM Cameroon 

DE Oennany. Federal Republic of 

DK Deomari * 



ES Spain 

FT Ftnbod 

FR Fiance 

GA Gabon 

GB United Kmgdom 

HU Hunsvy 

rr Italy 

JP Japan 

KP Democratic People^ft Republic 

of Korea 

KR Republic of Koiea 

U LiechUDSiein 

UC Sri Lanla 

LU Uucmbourg 
MC 



MG 


Madagascar 


ML 


Mafi 


MR 


MauiUaiua 


MW 


Mabwt 


NL 


Netherlands 


NO 


Norway 


RO 


Romania 


SO 


Sudan 


SE 


Sweden 


S4 


Senegal 


su 


Soviet Unbn 


TD 


Chad 


TG 


Togo 


US 


United Sutes of Ameika 



wo 90/09455 PCr>5ilJ^/00058 

Detection of a Nucleic Acid Sequence or a Change Therein*.^,. 

Technical Field 

This Invention relates to a method for detecting a specific 
polynucleotide sequence In a material, a method for detecting at leasit two 
different specific polynucleotide sequences In material having a plurality 
of different polynucleotide sequences, methods for detecting whether a 
specific nucleotide or base Is at a particular position In a specffic 
polynucleotide sequence, methods for detecting whether the same or 
different specific nucleotides or bases are at particular positions In at 
least two different specific polynucleotide sequences In material having a 
plurality of different polynucleotide sequences, a screening me|hcgi^for 
detecting the presence of at least two different specific polynucfebtlde 
sequences in material having a plurality of different polynucleotide 
sequences and screening methods for detecting whether the sam'e qr different 
specific nucleotides or bases are at particular positions In* at least two 
different specific polynucleotide sequences In material having a plurality 
of different polynucleotide sequences. 

Background Art 

. ■ . -f > 

At present, the most common technique for the detection of 
polynucleotide sequences is hybridisation using ollgbnucleotlde or '1 
polynucleotide probes. For this technique, the target nucleic add' is 
usually bound, irreversibly, to a solid support such as ceTlulpse or nylon. 
The labelled probe is then added in solution under hybridising conditions 
and if there is sequence homology between the probe and the target nucleic 
acid, the probe will form a hybrid molecule with the target polynucleotide. 
This hybrid can be detected In a variety of ways such as by radi^blabelling 
or biotin labelling. The disadvantages of this technique are, firstly, 
that it requires considerable operator expertise, secondly, the technique 
is lengthy and time-consuming and thirdly, cannot be easily automated. 
Often the entire procedure can take more than 48 hours. 

The liquid-solid methods normally employed for detecting specific 
nucleic acids In samples include Sputhern blot, Northern blot aqjf'dpt blot 
hybridisations. These methods are slow, inefficient, tecfinically tfemanding 
and are not easily automated. The Southern and Northern blot protocols 
have the further disadvantage of inefficient transfer of nucleic acid from 
gel to paper. Other groups have used liquid-solid hybridisations in which 
a capture probe is bound to a solid support and the DNA sequence of ' 
Interest In the sample becomes bound to the capture probe. An example of 
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this Is In Australian Patent specification no. AU-70152/87 which describes 
using at least two oligonucleotide probes, which are complementary to 
mutually exclusive regions of the same target nucleic acid In a liquid 
hybridisation format to anneal the probes to the target, If it is present, 
and detecting the presence of the target by Immobilisation of the two-probe 
target sandwich by one of the probes and subsequent detection of the other 
probe. However, this method requires a second, detector probe to hybridise 
to the DNA sequence of Interest. This step reduces the specificity of the 
assay and subsequently Increases background. The present Invention 
overcomes this problem by Involving only one probe which acts both as 
capture probe and as detector probe. 

In contrast to liquid - solid hybridisation, liquid-liquid 
hybridisation has very rapid kinetics and Improved sensitivity due to 
greater access of the probe to the target sequence. For example, 
Gene-Probe Inc uses a liquid hybridisation hydroxapati te method to detect 
DNA sequences. The main disadvantage of this system Is that It relies on 
adsorptive discrimination of double-stranded DNA from single-stranded DNA 
sequences rather than sequence-specific separation of hybrid from excess 
probe. The present Invention overcomes these disadvantages by allowing the 
nucleic acid hybridisations to occur In solution followed by the removal of 
the "hybrid" molecules onto a solid support matrix. Another potential 
advantage of liquid hybridisation Is that a generalised solid support can 
work for a multitude of targets if the support - binding probes are 
labelled with the same capture molecule. 

Several cases exist (Australian Patent specification nos. 
AU-A-701 52/87, AU-A-26755/88, AU-A-531 05/86, AU-B-89575/82 and 
AU-A-80097/87> which use a combination of two oligonucleotide probes to 
detect specific nucleic acid sequences In a sample. All these require the 
use of two short sequences of DNA on the target. These sequences must both 
be conserved In all possible target, must be mutually exclusive and 
non-overlapping and must have a similar G^-C ratio to enable both probes to 
hybridise to their complementary sequence under the same conditions. 

There Is related background art concerning the use of a capture probe 
to detect the nucleic acid sequence of Interest and to remove It from 
solution by binding the hybrid to a solid support matrix (Australian Patent 
specification nos. AU-A-701 52/87, AU-A-531 05/86, AU-A-21781 /88, 
AU-A-69724/87, AU-A-1 4005/88) . However, these techniques use separate 
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capture and detector probes, resulting In a number of disadvantages as 
detailed above. The present Invention overcomes these problems by using a 
single capture/detector probe system. . ; 

There are many examples available of attaching non-rad1oact!t)>e 
reporter molecules to DNA, to enable the detei^felon of specific ftybf;.Tds» 
However, when blotin Is Incorporated Into the DNA itoleciile for detection, 
even though several blotin molecules may be Incorporated per target 
molecule (thereby Increasing the sensitivity of detection) the meCh^^^^ of 
visualising the Incorporated blotin Is complex and time consumliis. ^ 

By contrast, the Incorporation of other nbn-rad1oact1V& repoi-ter 
molecules (such as fluorescent, luminescent, eheml lumrnescent^Vecules) 
enables rapid and simple detection of the target sequence. tiov^iS^r, ^the 
present art only enables a single reporter moltfcule to be atticiltd/to-each 
target sequence. This fact reduces the overall' sehsltlvfty of the'ftnal 
assay. The present Invention overcomes both these problems at%h^ one time 
by using a chemi luminescent detection system for sTmple, ra^ftf detection 
and also by Incorporating several detector molecules Into each targ^et, 
thereby significantly Increasing assay sensitivity, • - 

There Is, therefore, a demand for a simple method whlcii utlliseis the 
rapid kinetics of liquid hybridisation, which only requires, a single probe 
for analysis, and which results In stable hybrids thereby aVlWfng the 
unhybrldlsed material to be easily removed from the sequence? to be*^ 
detected. Accordingly, the present Invention provides a l;1q:ufd 
hybridisation system in which a single probe hybridises to the sequence of 
Interest and is then coValently extended to produce a stable liybrfd. This 
hybrid is then captured on to a support matri* and subsequently tvwhed to 
removed unhybrldlsed material. The system described by the preseiftt 
invention is simple, rapid, sensitive, can be read v^-sualljf or qjn. a simple 
plate reader, and may be readily automated. : t!^>v- • » 

In this area of nucleic acid hybridisation there is a heed tp detect 
two broad types of diseases: infectious and genetic. IH" relai|^ptjfc ' . 
Infectious diseases, a number of DNA based systems have beerflatffci^l^^ to 
detect diseases caused by bacteria such as Salmonella, Nelssetl^.'^arasltlc 
organisms such as Chlamydia and Rickettsiae, viruses such as 1^Vpc(^:1^ii B 
and protozoa such as Plasmodium. However, alY of these suffer on¥ or m^^ 
of the disadvantages listed above. 

In relation to genetic diseases which are characterised by a mutation 
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(deletlon, Insertion, point mutation or translocation), the technology is 
less well developed. These types of diseases are currently diagnosed 
either by using restriction fragment length polymorphism (RFLP) analysis or 
by precise hybridisation of short oligonucleotide probes. RFLP detection 
requires that a restriction enzyme site Is altered by the mutation and this 
is not always the case. In addition, RFLP analysis requires the use of 
Southern blot hybridisation for detection. The use of short oligonucleotide 
probes to detect point mutations also has several serious disadvantages. 
In particular, the hybridisation conditions must be precise to ensure that 
a single base-pair mismatch does not result In hybridisation. In practice, 
salt concentration and temperature determine the specificity of the 
hybridisation conditions and these are not easily controlled to the 
required preclseness. The present Invention overcomes the need for 
Southern hybridisation analysis and for precise control of hybridisation 
conditions. It achieves this by the specific primer probe hybridising to a 
constant section of the gene adjacent to the mutation and allowing the 
enzyme, a DNA polymerase, to extend the DNA chain up to and including the 
nucleotide or base mutation. By manipulation of the dideoxynucleotlde 
added to the polymerase reaction all of the possible nucleotide changes can 
be detected. 

Detection of both Infectious and genetic diseases requires the 
Incorporation of some type of labelled molecule into the system. Various 
radioactive Isotopes or radioactivity labelled compounds may be used as 
labels. However, radioactive labels have several disadvantages. Including;. 
(1) hazardous. (11) expensive, (111) limited shelf life, (Iv) require 
expensive equipment for measuring the signal generated. More recently, a 
range of non-radloactlve substances have been used to detect DNA 
molecules. Examples of non-r ad 1 cacti ve labels are fluorescent, 
luminescent, cheml luminescent, enzymatic or Immunological compounds. 
Labels based on the affinity of blotln and avldln or streptavldln, 
lanthanlde chelates, lectins and proteins may also be used. The preferred 
detection means would be by spectroscopy or photochemistry or by the 
formation of a detectable complex between the label moiety and the 
polypeptide, lectin, or antibody linked to an entity capable of generating 
a detectable change. Including enzymes such as; alkaline phosphatase or 
horseradish peroxidase. 

However, what Is lacking In the current technology Is a single system 
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whlch encompasses: (1) a rapid means of detecting a polynucleotide 
sequence, (11) which Is sufficiently sensitive to detect low numbers of the 
target sequence In the sample and (111) which Is non-radioactive; At 
present, no single system satisfies all these requirements. 

As a final aspect, the need to detect specific polynucleotide 
sequences In a sample requires the organisation of all steps either; ;(1) 
Into a simple kit format, or (11) Into an automated device.,, Hhereas both, 
kits and automated machines, are available for detecting proteins by way of 
antibodies, no systems are yet available which simply, rapidly and 
Inexpensively detect specific polynucleotide sequences In a sample. 

Oblects of Invention 

It Is an object of this Invention to provide a method for detecting a 
specific polynucleotide sequence In a material. 

Another object Is to provide a method for detecting at least two 
different specific polynucleotide sequences In material having a plurality 
of different polynucleotide sequences. 

A further object Is to provide methods, for detecting whethW a 
specific nucleotide or base Is at a particular position In a specific 
polynucleotide sequence. * 

Yet another object Is to provide methods for detecting whether the 
same or different specific nucleotides or bases are. at particular posVilons 
In at least two different specific polynucleotide sequences In material 
having a plurality of different polynucleotide sequences. 

A further object Is to provide a screening method for detecting the 
presence of at least two different specific polynucleotide sequences! In 
material having a plurality of different polynucleotide sequences... 

Another object Is to provide screening methods for detecting whether 
the same or different specific nucleotides or bases are at particular 
positions in at least two different specific polynucleotide sequences 'in 
material having a plurality of different polynucleotide sequences! ' 

Disclosure of Invention 

The following abbreviations and definitions apply throughout the 
specification and claims: 

SP - specific primer: a nucleotide sequence compl ementary ? to a 

portion of the target sequence 
Target - the nucleotide sequence to be detected In the sample; can 

be derived from, for example, any infectious or parasitic 
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organlsm Including any virus, fungus, bacteria, 
mycoplasma, nematode, protozoan etc 

i 

Polymerase 

Enzyme - any DNA dependent DNA polymerase or RNA dependent DNA 

polymerase 

dNTP . - all four deoxyrlbonucleotides that Is dATP, dCTP, dGTP and 

dTTP as well as dITP and dUTP 

ddNTP - all four dideoxyribonucleotides that is ddATP, ddCTP, 

ddGTP and ddTTP as well as ddlTP 

D - detector molecule: a molecule which can be covalently 

attached to a nucleotide or nucleotide sequence and that 
can be subsequently assayed for either directly or 
Indirectly. For example^ biotin; radioisotopes of carbon, 
hydrogen, Iodine, phosphorus and sulphur; any antigen; 
haptens; fluorescent molecules including fluorescein, 
rhodamine and eosin; enzymes Including alkaline 
phosphates, peroxidases and lucif erase; any monoclonal 
antibody 

dNTP-D - a detector molecule covalently bound to one of the four 

deoxyrlbonucleotides 
C - capture molecule: a molecule which can be covalently 

attached to a nucleotide or nucleotide sequence and that 

win subsequently bind to a specific affinity molecule. 

For example, biotin (binds with avidin or streptavldin); 

antibody (binds with antigen); antigen (binds with 

antibody) 

SAM - specific affinity molecule: a molecule that will bind 

specifically with a particular capture molecule. For 
example, avidin or streptavldin; an antibody; an antigen 

SS - solid support: any solid matrix to which the SAM is * 

attached. For example, agarose; polyacryl amide; magnetic 
beads; polystyrene; microtitre plates; nylon; k 
nitrocellulose 

Hash - addition and removal of a solution for the purpose of 

removing unreacted molecules 
Stringency - conditions of salt and temperature which affect the 

stability of the hydrogen bonds between two nucleic acid 
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molecules. For example, the hydrogen bonds are nbst •• 
unstable at high stringency reflecting either Jjigh • 
temperature or low salt or both. 

any procedure that Is specific for detecting the detector 
molecule and that can be measured either qualitatively or 
quantitatively 

any one of the four deoxyrlbonucleotldes ; 
any one of the four ribonucleotides or 
deoxyrlbonucleotldes; In the example Y will form hy<Jrogen 
bonds with X. 1e, a nucleotide sequence of nlrifa Y^s will 
be complementary to a nucleotide sequence of 9 X'.s 
any one of the four nucleotides formitig a seqiif nee riot 
complementary to the sequence ' * "* 

dideoxythym1d1ne-5'-tr1phospfhate:^tfdT hai bden use.d tas 
example as It base pairs with A In the target "leqijerite. 
If the base to be detected war C then ddG wbafd '||e uied. G 
with ddC and T with ddA. - \ 

d1 deoxy thyml d1 ne-5 ' -tri phospha:tiB/ capture mbt^c^l e compl ex : 
ddT has been used as example as It base pairs v^lth A In 
the target sequence. If the b^ise to be' detected -^s C 
then ddG would be used. G with ddC and T with IdA, The 
capture molecule Is covalently atta^ched to tfxQt ancj,/ • 
represents any one of the capture molecule^; .dest^^^^^^^ 
above. ;: ' 

means that there are no nucleotides; or bases be^t^en a 
primer bound to part of a specific polynudwrt*^ sequence 
and a specific nucleotide or b&se to be detert.ed 
means at least a portion of a mirture; resulting;-frpm the 
reaction of an oligonucleotide primerOvy, extWding ' 
reagents, specific polynucleotide seqtiehce(V), /detectable 
element(s) and/or separation elements 

means at least one nucleotide or base between ^'prl'tijer 
bound to part of a specific polyrrucleotliJe s^ife'iice and a 
specific nucleotide or base to be detected ' . 
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oligonucleotide 

primer - a single stranded nucleic acid molecule with a typical 

length of 5 to 60 nucleotides but can be 200 or more 
nucleotides which has a sequence complementary to part of 
the polynucleotide sequence to be detected 

specific 
polynucleotide 

sequence - a partly or completely known sequence of nucleotides 
hybridisation - the physical association of the oligonucleotide primer 

with the complementary region of the target polynucleotide 
sequence to form a double stranded hybrid nucleic acid 
molecule 

An Interfering detectable and/or separation element Is, for instance, 
one which Is the same as that which Is Incorporated at the position 
complementary to the specific nucleotide or base to be detected, eg: 

(A) Consider a single nucleotide or base to be detected in a 
specific polynucleotide sequence . Assume there is a bound 
oligonucleotide primer having a sequence complementary to part 
of and which Is bound to S^. Assume there are intervening 
nucleotides N^, Ng and between and N^. Extend P^ 

up to and including with complementary nucleotides to N^, 
Ng, and namely » N^, N^, Np and N^-S^ (S^ 
corresponding to a separation element) respectively; then the 
following conditions are required: 
Ng or Nj. cannot be 

(B) Consider two nucleotides or bases and to be detected in two 
different specific polynucleotide sequences and Sg. Assume 
there are two different oligonucleotide primers and P2 (bound 
to and respectively) having sequence complementary to part 
of and S^. 

Assume there are intervening nucleotides N^^, Ng and between 
P^ and and intervening nucleotides Nj^, Ny and between 
and Extend (a) P^ up to and including with complementary 
nucleotides to Ng, and N^, namely, Np, N^, Np and 
Ng-D^ (0^ corresponding to a detectable element) respectively; and 
(b) P2 up to and including Ng with complementary nucleotides to Nj^, 
Ny, N^ and Ng, namely/ Nq, Np, Nq and N^-Dg (Dg 
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correspondlng to another detectable element); 
then the following conditions are required: 



If N 



1 
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cannot be N 
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2 does not equal 
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cannot be 



According to a first embodiment of this Inventlcm there' Is provided a 
method for detecting a specific polynucleotide sequence In a material 
comprising: • : 

a) exposing said material to an oligonucleotide primer having^ sequence 

complementary to part of said specific polynucleotide sequfii^ce 

wherein said primer binds to part of said polyniicleotiite seqjuence 

when present in said material; 

extending primer bound to the polynucleotide sequence wherein ariy 
extended primer Includes a detectable element and/or a 'separation 
element; ^■• 
separating any extended primer into a fraction wherein saixi fraction 
does not have detectable element not included in said exteiWied : 



b) 



c> 



wo 90/09455 



PCr/AU90/00058 



-10- 

prlmer; and 

d> determining whether any extended primer Is present In said fraction 
by assaying said fraction for said extended primer wherein the 
presence of said extended primer Is Indicative of the presence of the 
specific polynucleotide sequence In said material and the absence of 
said extended primer In said fraction Is Indicative of the absence of 
the specific polynucleotide sequence In said material. 
According to a second embodiment of this Invention there Is provided 

a method for detecting at least two different specific polynucleotide 

sequences In material having a plurality of different polynucleotide 

sequences comprising: 

a) exposing said material to at least two different oligonucleotide 
primers each of said different oligonucleotide primers having a 
sequence complementary to part of one of said different specific 
polynucleotide sequences wherein each of said primers binds to part 
of one of said different specific polynucleotide sequences when 
present in said material each of said oligonucleotide primers binding 
to part of a different specific polynucleotide sequence to the other 
of said oligonucleotide prlmer(s}; 

b) extending said different oligonucleotide primers bound to their 
different specific polynucleotide sequences wherein any extended 
primer includes a detectable element and/or a separation element; 

c) separating any extended primers into at least one fraction wherein 
said fractlon(s) does not have detectable element not included in 
said extended prlmer(s); and 

d) determining whether any extended primers are present in said 
fractlon(s) by assaying said fractlon(s) for at least one of said 
extended primers wherein the presence of said extended prlmer(s) is 
indicative of the presence of at least one of the different specific 
polynucleotide sequences In said material and the absence of said 
extended prlmer(s) in said fractlon(s) is indicative of the absence 
of at least one different specific. polynucleotide sequence in said 
material. 

According to a third embodiment of this invention there is provided a 
method for detecting whether a specific nucleotide or base is at a 
particular position In a specific polynucleotide sequence in material 
comprising: 
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a) exposing said material to an oligonucleotide primer havlrsg a sequence 
complementary to part of the specific polynucleotide sequence wherein 
said primer binds to part of said specific pplynucleotVde sequence In 
said material Immediately adjacent to the particular pDsitlon; 

b) extending primer bound to the specific polynucleottd4j-s^0c^e:nce;.y 
the proviso that the bound primer is only extended Up: to ^and 
including said specific nucleotide or base when satif 's))e(S1f 1c 
nucleotide or base is at the particular position In the specific 
polynucleotide sequence wherein the extehded prVmer has a detectable 
element and/or a separation element at a position compUttilgintary to 
said specific nucleotide or base; 

c) separating any extended primer Into a' fraction wherein said fraction 
does not have detectable element not dntlxided invsald Bxtfen|l;ed 
primer; and ' * ' 

d> determining whether any extended primer is present In sal H fraction 
by assaying said fraction for said extended primer where irr' the 
presence of said extended primer indicates that the sjpeclfVc 
nucleotide or base is at the particular position in the specific 
polynucleotide sequence and the absence of said extentied prtiher 
indicates that the specific nucleotide or base is not at the 
particular position in the specific polynucleotide seqiyientrev 
According to a fourth embodiment of this Invention t. he fdrjt^^ provided 
a method for detecting whether the same or different specific niicleotijdes 
or bases are at particular positions in at least two different i^^cif 1c 
polynucleotide sequences in material having a plurality of different 
polynucleotide sequences comprising: ^ ir'%r 

a) exposing said material to at least two different oligfei^xitteotlde 
primers each of said different oligonucleotide primers ^aVIng a 
sequence complementary to part of one of said differenV specif ic 
polynucleotide sequences wherein each of said iprimei^V-B4 nits to its 
complementary polynucleotide sequence when present iff saitJ material 
each of said oligonucleotide primers bindl;pg to part of ai;^?if(ff6:rent 
specific polynucleotide sequence to that of the other |}|"1mBr.<srand 
wherein each of said primers binds to its complementari^ specific 
polynucleotide sequence in said material immediately atJja^ent to the 
particular position; ' > ^ ' '\ 

b) extending said different oligonucleotide primers boUftd -tcy their 
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complementary polynucleotide sequences with the proviso that each of 
the bound primers Is only extended up to and Including the particular 
position when said specific nucleotide or base Is at the particular 
position In the specific nucleotide sequence wherein each of said 
extended primers has a detectable element and/or a separation element 
at a position complementary to said specific nucleotide or base; 

c) separating any extended prlmer(s) which has extended only up to a 
specific nucleotide or base at a particular position into at least 
one fraction wherein said fraction does not have detectable element 
not included In said extended primer; and 

d> determining whether at least one extended primer Is present In said 
fractlon(s) by assaying said fractlon(s) for said extended prlmer(s) 
wherein the presence of an extended primer Indicates that a specific 
nucleotide or base Is at a particular position In a specific 
polynucleotide sequence and the absence of said extended primer(s) in 
a fract1on(s> Indicates that at least one specific nucleotide or base 
is not at a particular position in at least one different specific 
polynucleotide sequence. 

According to a fifth embodiment of this invention there is provided a 
method for detecting whether a specific nucleotide or base is at a 
particular position in a specific polynucleotide sequence in material 
comprising: 

a) exposing said material to an oligonucleotide primer having a sequence 
complementary to part of the specific polynucleotide sequence wherein 
said primer binds to part of said specific polynucleotide sequence in 
said material not immediately adjacent to the particular position 
whereby there Is an Intervening sequence between the particular 
position and primer bound to the specific polynucleotide sequence; 

b) extending bound primer with the proviso that the bound primer is only 
extended up to and including said specific nucleotide or base when 
said specific nucleotide or base is at the particular position in the 
specific polynucleotide sequence wherein the extended primer has a 
detectable element and/or a separation element at a position 
complementary to said specific nucleotide or base with the proviso 
that the intervening sequence cannot be one where bases or 
nucleotides complementary to the intervening sequence and which are 
Incorporated into the extended primer cause incorporation of an 
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Interfering detectable and/or separation element; 
c) separating any extended primer which has extended only up to a 

specific nucleotide or base at a particular position Intq a fraction 
wherein said fraction does not have detectable element not Included 
In said extended primer; and 
d> determining whether any extended primer Is present In satti fraction 
by assaying said fraction for said extended primer wheretn the 
presence of said extended primer Indicates that the spec tif 1c ;: 
nucleotide or base Is at the particular position In the^speclf Ic 
polynucleotide sequence and the absence of said exteflt^d ^)r1mer 
Indicates that the specific nucleotide or base Is not at the 
particular position In the specific polynucleotide sequence. 
According to a sixth embodiment of this Invention tber% f s provided a 
method for detecting whether the same or different specific nudleotldes or 
bases are at particular positions In at least two tilfferent specific 
polynucleotide sequences In material having a plurality of dttjeretvt- 
polynucleotlde sequences comprising: 

a) exposing said material to at least two different ol IgoAucTeotlde 
primers each of said different ollgonucle^otlde primers havirig a 
sequence complementary to part of one of said different specific 
polynucleotide sequences wherein each of said primers bintfs to Its 
complementary polynucleotide sequence not Immediately ftlj^tqijnt. to the 
particular position whereby there Is an Intervening setfuencg between 
the particular position and primer bound to the specific 
polynucleotide sequence when present In said material e^ch Qf $ald 
oligonucleotide primers binding to part of a different s^<;lf1c 
polynucleotide sequence to that of the other prlmerCs); - 

b) extending said different oligonucleotide primers bound td their 
complementary polynucleotide sequences wherein each of the bourtd 
primers Is only extended up to and Including the parti cul^tr position 
when said specific nucleotide or base Is at the partlculalr*^pos1t1on 
In the specific nucleotide sequence wherein each of said -Extended 
primers has a detectable element and/or a separation element at a 
position complementary to said specific nucleotide or ba^ with the 
proviso that the Intervening sequences cannot be ones ^wheVe .bajes or 
nucleotides complementary to the Intervening sequence? arfct-jwM are 
Incorporated Into the extended prlmer<s) cause Incdrporatfeqji of 
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Interfering detectable and/or separation element(s); 

c) separating any extended primer which has extended only up to a 
specific nucleotide or base at a particular position Into at least 
one fraction wherein said fractlon(s> does not have detectable 
element not Included In said extended primers; and 

d) determining whether any extended primers are present In said 
fract1on(s> by assaying said fractlon(s) for said extended prImerCs) 
wherein the presence of an extended primerCs) Indicates that at least 
one specific nucleotide or base 1s at a particular position In a 
specific polynucleotide sequence and the absence of said extended 
prlmer(s) in a fraction Indicates that at least one specific 
nucleotide or base Is not at a particular position in at least one 
different specific polynucleotide sequence. 

According to a seventh embodiment of this Invention there is provided 
a kit for detecting a specific polynucleotide sequence In a material 
comprising: 

a) an oligonucleotide primer having a sequence complementary to part of 
said specific polynucleotide sequence; 

b) polymerase enzyme for extended the oligonucleotide primer; 

c) at least one nucleotide selected from the group consisting of dATP, 
dCTP, dGTP. dTTP, dUTP. dITP. ddATP, ddCTP. ddGTP. ddlTP and ddTTP; 
and 

d) a detectable element and/or separation element which is optionally 
attached to the oligonucleotide primer or one or more of the 
nucleotides. 

According to an eighth embodiment of this invention there Is provided 
a kit for detecting at least two different specific polynucleotide 
sequences in a material having a plurality of different polynucleotide 
sequences comprising: 

a) at least two different oligonucleotide primers each of said primers 
having a sequence complementary to part of one of said specific 
polynucleotide sequences; 

b> a polymerase enzymeCs) for extended the different oligonucleotide 
primers; 

c) at least one nucleotide selected from the group consisting of dATP, 
dCTP. dGTP. dTTP. dUTP, dITP. ddATP» ddCTP. ddGTP. ddlTP and ddTTP; 
and 
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d) a detectable element and/or separation element which Is opitiionally 
attached to the oligonucleotide primers or one or more. oT< :'the 
nucleotides. 

According to a ninth embodiment of this Invention there Is {provided a 
kit for detecting whether a specific nucleotide or base Is a'^i^'^tpartVcular 
position In a specific polynucleotide sequence In a material xomprlslng: 
a) an oligonucleotide primer having a sequence complementary ,±0 part of 
the specific polynucleotide sequence wherein saldi primer binds io 
part of said specific polynucleotide sequeiice' lini)[ieii4;&t^Ty,^^^^^ to 
the particular position; ^ ..• . 

b> a polymerase enzyme for extended the oligonucleotide prl^.; 

c) one nucleotide selected from the group conslstio© of dAB^f xlCTP.. 
dGTP, dTTP. dUTP, dITP. ddlTP, ddATP. ddCTP, ddGTP ^nd^WP :wVth the 
proviso that said nucleotide Is selected whereby t)ound^pi:fener Is only 
extended up to and Including said specific nucleotlde'^pn.twisij&ljwhen 
said specific nucleotide or base Is at the particular^crsliifbn. In- the 
specific polynucleotide sequence; and 

d) a detectable element and/or separation elemeat- whereby extended 
primer has a detectable element and/or a separation. element at a 
position complementary to said specific nucleotide or tAse,>and ft. 
detectable and/or separation element optionally attached te> the^ 
oligonucleotide primer. ;> ; 
According to a tenth embodiment of this Invention there ts. ^provided a 

kit for detecting whether the same or different specific nucUoti(jl« <^ 
bases are at particular positions in at least two different specif 1c 
polynucleotide sequences In material having a plurality of different 
polynucleotide sequences comprising: >^ \ 

a) at least two different oligonucleotide primers each of sal% primers 
having a sequence complementary to part of one of said ^ipeclfic 
polynucleotide sequences wherein each of said prlmfrs/bliitdS: tb Its 
complementary polynucleotide sequence when present tn sa1.^,jnater1al 
each of said oligonucleotide primers binding to part of a different 
specific polynucleotide sequence to that of the other prlmer(s> and 
wherein each of said primers binds to Its complementary specific 
polynucleotide sequence In said material immediately adjacent to the 
particular position; • : * 

b) a polymerase enzymeCs) for extending the different ol1g©niicleot1de 
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primers; 

c) at least one nucleotide selected from the group consisting of dATP, 
dCTP, dGTP, dTTP, dUTP, dITP, ddlTP, ddATP, ddCTP, ddGTP and ddTTP 
with the proviso that said nucleotide is selected whereby bound 
primer Is only extended up to and Including said specific nucleotide 
or base when said specific nucleotide or base is at the particular 
position in the specific polynucleotide sequence; and 

d) at least one detectable element and/or separation element whereby 
each extended primer has a detectable element and/or a separation 
element at a position complementary to said specific nucleotide or 
base and a detectable and/or separation element optionally attached 
to the oligonucleotide primer. 

According to an eleventh embodiment of this invention there is 
provided a kit for detecting whether a specific nucleotide or base is at a 
particular position in a specific polynucleotide sequence in a material 
comprising: 

a> an oligonucleotide primer having a sequence complementary to part of 
the specific polynucleotide sequence wherein said primer binds to 
part of said specific polynucleotide sequence not immediately 
adjacent to the particular position whereby there is an intervening 
sequence between the particular position and primer bound to the 
specific polynucleotide sequence; 

b> a polymerase enzyme for extended the oligonucleotide primer; 

c> one nucleotide selected from the group consisting of dATP, dCTP, 

dGTP, dTTP, dUTP, dITP, ddlTP, ddATP, ddCTP, ddGTP and ddTTP with the 
provision that said nucleotide is selected whereby bound primer is 
only extended up to and including said specific nucleotide or base 
when said specific nucleotide or base is at the particular position 
in the specific polynucleotide sequence with the proviso that the 
intervening sequence cannot be one where bases or nucleotides 
complementary to the Intervening sequence and which are Incorporated 
into the extended primer cause incorporation of an interfering 
detectable and/or separation element; and 

d> a detectable element and/or separation element whereby extended 
primer has a detectable element and/or a separation element at a 
position complementary to said specific nucleotide or base and a 
detectable and/or separation element optionally attached to the 
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ollgonucleotlde primer. 

According to a twelfth embodiment of this Invention there U provided 
a kit for detecting whether the same or different specific nuclfotldes or 
bases are at particular positions In at least two different spshflc. 
polynucleotide sequences In material having a plurality of different 
polynucleotide sequences comprising: 

a) at least two different oligonucleotide primers eacJr of. «a1d ! primers 
having a sequence complementary to part jof one of said specific 
polynucleotide sequences wherein each of said primers birKfe^to Its 
complementary polynucleotide sequence when present In said material 
each of said oligonucleotide primers binding to part of a.dlfferent 
specific polynucleotide sequence to that of the other primer (s)* and 
wherein each of said primers binds to Its complementary s'pe^iflc 
polynucleotide sequence In said material not immediately it^^ceht to 
the particular position whereby there Is an Intervening sequence 
between the particular position and primer bound to the specific 
polynucleotide sequence; 

b) a polymerase en2yme(s) for extending the different oligonucleotide 
primers; . ;;. ., 

c> at least one nucleotide selected from the group consisting of dATP, 
dCTP, dCTP. dTTP, dUTP. dITP. ddlTP. ddATP. ddCTP. ddGTP 0 ddTTp' 
with the proviso that said nucleotide Is selected whereby ''boundi 
primer is only extended up to and including said specific nucleotide 
or base when said specific nucleotide or base is at the 'particular 
position in the specific polynucleotide sequence with the"^ proviso 
that the Intervening sequences cannot be ones where bases or 
nucleotides complementary to the Intervening sequences and which are 
incorporated Into the extended primer(s) cause incorporation of an 
interfering detectable and/or separation elemfintCs); aiW 

d) at least one detectable element and/or separatloo eleroent'^berejjy 
each extended primer has a detectable element and/or a seijaration 
element at a position complementary to said specific nucleotide" or 
base and a detectable and/or separation element optionally attached 
to the oligonucleotide primer. 

According to a thirteenth embodiment of this Invention there is! 
provided an apparatus for performing the method of any one of tRe -. 
embodiments of the Invention comprising: 
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a reactor; 

means for adding oligonucleotide primer and reagents for extending 
said primer to said reactor, said means for adding being operatlvely 
associated with the reactor; 

means for separating extended primer Into at least one fractlon(s) 
and for holding said fractlon(s), said means for separating being 
operatlvely associated with the reactor; and 

a detector for detecting the presence of any extended prlmer(s) In 
said fract1on<s>. said detector being operatlvely associated with 
said means for separating. 

According to a fourteenth embodiment of this Invention there is 
provided a screening method for detecting the presence of at least two 
different specific polynucleotide sequences In material having a plurality 
of different polynucleotide sequences comprising: 

a) exposing said material to at least two different oligonucleotide 
primers each of said different oligonucleotide primers having a 
sequence complementary to part of one of said different specific 
polynucleotide sequences wherein each of said primers binds to part 
of one of said different specific polynucleotide sequences when 
present in said material each of said oligonucleotide primers binding 
to part of a different specific polynucleotide sequence to the other 
of said oligonucleotide pr1mer<s); 

b) extending said different oligonucleotide primers bound to their 
different specific polynucleotide sequences wherein any extended 
primer includes a detectable element and/or a separation element; 

c) separating any extended primers into a fraction wherein said fraction 
does not have detectable element not included in said extended 
prlmer(s); and 

d> determining whether any extended primers are present In said fraction 
by assaying said fraction for all of said extended primers wherein 
the presence of any one of said extended primers is indicative of the 
present of at least one of the different specific polynucleotide 
sequences in said material and the absence of all of said extended 
pr1mer<s> in said fraction Is indicative of the absence of all of the 
different specific polynucleotide sequences in said material. 
According to a fifteenth embodiment of this invention there is 

provided a screening method for detecting whether the same or different 
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specific nucleotides or bases are at particular positions 1h at least two 

different specific polynucleotide sequences In material having a plurality 

of different polynucleotide sequences comprlsin^g: 

a) exposing said material to at least two different ollgorujciS'eotlde 
primers each of said different oligonucleotide primers 'tiaylng 
sequence complementary to part of one of said different-specific 
polynucleotide sequences wherein each of said primers blMl to 'Its 
complementary polynucleotide sequence when present In 'Said material 
each of said oligonucleotide primers binding to part' of r:V- different 
specific polynucleotide sequence to that of the other •^flTlter'ts) and 
wherein each of said primers binds to Its complementary specific 
polynucleotide sequence In said material immediate!^ ad^iaceiii: to the 
particular position; " si 

b> extending said different oligonucleotide primers b&und t^thelr 

v. ■ 

complementary polynucleotide sequences with fhe provlsbHHkt each of 
the bound primers Is only extended up to and Including *tft|^ particular 
position when said specific nucleotide ot base Is at "tlte pirtiqu^ 
position In the specific nucleotide sequence wherdln/^aeh"-^ said 
extended primers has a detectable elethent ahd76r a separation element 
at a position complementary to said specific nucleotide' w base: 

c) separating any extended prlmer(s) which has extended ohly::6p to a 

specific nucleotide or base at a particular position Irtto^a fraiction 
wherein said fraction does not have detectable element hot Included 
in said extended primer; and 

d> determining whether at least one extended primer is pi^es.ent in said 
fraction by assaying said fraction for alT; df said erftdn^^^ primers 
wherein the present of an extended primer: 'in^iicates thaf at le^st one 
specific nucleotide or base is at a particular position in a specific 
polynucleotide sequence and the absence of all said extended .pt^lmers 
in said fraction indicates that at least one s^^ecific 'rtCicleptide or 
base is not at a particular position in^^any of the differfent specific 
polynucleotide sequences. 

According to a sixteenth embodiment of this invehtlon thefe^ is 
provided a screening method for detecting whether the same or different 
specific nucleotides or bases are at particular positions in at.feSst two 
different specific polynucleotide sequences In material fevii|3 i -plurality 
of different polynucleotide sequences comprising: " 



wo 90/09455 



PCr/AU90/000S8 



-20- 

a) exposing said material to at least two different oligonucleotide 
primers each of said different oligonucleotide primers having a 
sequence complementary^ to part of one of said different specific 
polynucleotide sequences wherein each of said primers binds to Its 
complementary polynucleotide sequence not Immediately adjacent to the 
particular position whereby there Is an Intervening sequence between 
the particular position and primer bound to the specific 
polynucleotide sequence when present In said material each of said 
oligonucleotide primers binding to part of a different specific 
polynucleotide sequence to that of the other primer(s>; 

b) extending said different oligonucleotide primers bound to their 
complementary polynucleotide sequences wherein each of the bound 
primers Is only extended up to and Including the particular position 
when said specific nucleotide or base is at the particular position 
In the specific nucleotide sequence wherein each of said extended 
primers has a detectable element and/or a separation element at a 
position complementary to said specific nucleotide or base with the 
proviso that the intervening sequences cannot be ones where bases or 
nucleotides complementary to the intervening sequences and which are 
Incorporated Into the extended primer(s> cause incorporation of 
interfering detectable and/or separation element(s); 

c> separating any extended primer which has extended only up to a 

specific nucleotide or base at a particular position into a fraction 
wherein said fraction does not have detectable element not included 
In said extended primers; and 

d) determining whether any extended primers are present In said fraction 
by assaying said fraction for all of said extended primers wherein 
the presence of an extended primer indicates that at least one 
specific nucleotide or base is at a particular position in a specific 
polynucleotide sequence and the absence of any extended primer 
indicates that a specific nucleotide or base is not at a particular 
position in any of the different specific polynucleotide sequences. 
Generally the method for the detection of a nucleotide sequence or 

nucleotide change in a nucleotide sequence uses: 

a nucleic acid primer specific to part of . a partly or wholly known 
nucleotide sequence to be detected or specific to part of a partly or 
wholly known nucleotide sequence which is immediately adjacent to the 
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nucleotide or base change to be detected or specific to part of a 
partly or wholly known nucleotide sequence which Is not Invned lately 
adjacent to the nucleotide or base change to be detected but has an 
Intervening sequence between the bound primer and the nucleotide or 
base change to be detected ^; 
extension of the primer catalysed by a nucleic' acid pblymerase, enzyme 
either (1) the attachment of a capture molecule at the 5' end ipf the 
specific primer, addition of the target sequence under hybrldlUtlon 
conditions and the Incorporation of a detector mblecule(s) tn fhe 
enzyme catalysed extended primer or (11) the attachment df a detector 
molecule at the 5' end of the specific primer, addition of the; target 
sequence under hybridisation conditions and the 1ncorpora,tipn of a 
capture molecule(s) In the enzyme catalysed extended primer 
capture of the extended primer using a specific afflntty molecule 
attached to a solid support ' 
assay for the detector molecule 

Advantageously, for the first, second, seventh and eighthVrtJbodlments 
extending the primer comprises using at least one nucleotide selected from 
the group consisting of dATP. dCTP, dGTP, dHP, dOTP, dITP, ddATP^ ddCTP. 
ddGTP, ddlTP and ddTTP. Typically two to four different nucleotides, and 
especially four different nucleotides are used. 

Generally, for the third, fifth, ninth and eleventh embodiments 
extending the primer comprises using one nucleotide selected from the group 
consisting of dATP, dCTP, dGTP. dTTP, dUTP, dITP, ddATP, ddCTP, ddGTP, 
ddlTP and ddTTP. Typically one nucleotide selected from the group 
consisting of ddATP, ddCTP, ddGTP, ddlTP and ddTTP Is used. 

Typically, for the fourth, sixth, tenth and twelfth emboS^ntents 
extending the primer comprises using at least one nucleotide seTected from 
the group consisting of dATP, dCTP, dGTP, dTTP, dUTP, dITP, ddATP,. ddCTP, 
ddGTP. ddlTP and ddTTP. Generally at least one nucleotide selectjwJ from 
the group consisting of ddATP, ddCTP, ddGTP. ddlTP and ddHP Is usfSd; 

In addition to a nucleot1de(s} also typically used In extendling the 
primer are at least one appropriate polymerase enzyme and appropriate 
buffering agent. * 

Examples of polymerase enzymes are E.coll DNA polymerase,-^ ^. coll DNA 
polymerase (Klenow fragment). Bacteriophage T7 DNA polymerase, 
Bacteriophage T4 DNA polymerase, Taq DNA polymerase and AMV Reverse 
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transcrlptase. 

Buffering agents which buffer aqueous solutions between pH 6 - 8.5 
are generally suitable for use with a polymerase enzyme to extend the 
primer. Generally a magnesium salt (eg MgClg or MgSO^) is Included 
with the buffering agent. A total salt concentration between 50 and 300 mM 
Is generally acceptable. 

Temperature of the extending reaction is chosen according to the 
polymerase enzyme used and is typically in the range 25-80*C, more 
typically 30-70*C. 

It Is preferred that at least one of the nucleotides has the 
detectable element. 

Alternatively, or In addition, the detectable element Is linked to 
the oligonucleotide primer. 

Typically » the detectable element Is a radioactive label selected 
from the group consisting of ^H, ""^^I. ""^h, ^^C, and ^^P. 

The detectable element may be non- radioactive and generally is 
selected from the group consisting of an enzymatic group, an immunological 
group, and a spectroscopically detectable group. The spectroscoplcally 
detectable group may be a luminescent group, a chemi luminescent group, an 
NMR detectable group, a fluorescent group or an IR detectable group. 

Advantageously, the extended primer Includes a separation element 
which facilitates^ the separation of the extended primer Into the first 
fraction. 

Generally, the specific polynucleotide sequence Is a DNA sequence or 
an RNA sequence. 

The specific polynucleotide sequence may be from an infectious or 
disease causing organism which may be live or non-viable viral, bacterial, 
fungal or Protozoan. 

The extending may Include: 

adding a plurality of nucleotide types to said primer bound to the 
polynucleotide sequence to extend said primer; or 

adding a single nucleotide type to said primer bound to the 
polynucleotide sequence to extend said primer (third, fifth, ninth and 
eleventh embodiments); or 

adding at least one single nucleotide type to said primer bound to 
the polynucleotide sequence to extend said primer. 

In one particular method of the invention the exposure and primer 
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extenslon steps occur before the separation step. 

In one form of this invention, the separation element. Is linked to 

1.. 

the oligonucleotide primer. Alternatively, the extended prlniferhiiclydes a 
separation element which facilitates separation of extended prjWr from the 
mixture Into the first fraction and wherein at least one of SAi«fe\(^^; /• 
nucleotides has the separation element. ^.^t^ : 

In one form of the Invention, the separation step comprises: * 
contacting any extended primer with a molecule having affinity for 
the separation element, the molecule being linked to a support ;th;p?t - 
facilitates the separating; and separating the contacted extended--prlmer(s> 
to provide the fraction. • . -'^ vl- 

Advantageously, the separation element and the molecule are selected 
from the group listed Immediately below: , 

Separation Elgmgnt Molecule Having Affinity for Spp aratf6n Flempr^t 

(a) a ligand for which a receptor for the ligand; rr- i . 

there is a ... v ^ 

receptor; . - ; 

<b> a receptor; 
(c> an antigen; 

(d) an antibody for 
an antigen; 

(e) an anti Idiotypic 
antibody; 

(f) an antibody for an 
anti idiotypic antibody; 

(g) a haptenic group; 
<h> an antibody for 
a haptenic group; 
(1) an enzyme; 
(j) a binding 

inhibitor for an enzyme; ^ , . ^..u ..-^-v 

Typically, the separation element and the molecule are selected from 
the group listed below: .^^t. i 



the ligand for the receptor; 
an antibody for the antigen; 
the antigen; 



an antibody for the antitdiotypic^ 
antibody; ; t^* 
an anti Idiotypic antibody for tfie ;> 
antibody; . ;v- 

an antibody for the v haptenic group; 
the haptenic group; : ■ 

a binding inhibitor for the enzyme ;;.:aihd>- 
the enzyme. . 
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Molecule Ha ving Affinity for Separation Element 
a specific receptor for the llgand; 



<;pparat1on Element 

(a) a llgand for which 
there Is a specific 
receptor; 

(b) a specific receptor; 

(c) an antigen; 

(d) a specific antibodj' for 
an antigen; 

(e) an antildlotypic 
antibody; 

(f) an antibody for an 
antildlotypic antibody; 

(g) a haptenic group; 
<h) a specific antibody for 
a haptenic group; 
(1) an enzyme; 
(j) a tight binding 
Inhibitor for an enzyme; 

Typical examples of 11 
are: 

a vitamin such as blotin, a sugar molecule such as glucose or 
mannose, a hormone such as adrenalin or cortisone and a steroid such 
as progesterone or testosterone. There are numerous types of llgands 
which have available receptors and the preceding list Is given by way 
of exemplification only. 

The separation typically Includes a solid support which Is typically 
selected from the group consisting of latex, magnetic beads, 
nitrocellulose, agarose, cellulose, polyacryl amide, nylon, glass and 
polystyrene. 

Advantages 

K General Advantages 

A particular advantage of the method of the Invention Is that the 
system combines separation and detection elements on the one 
oligonucleotide after primer extension. Most other systems require the use 
of a capture probe and a detector probe. 

A further advantage Is that the system depends on the enzyme driven 
extension of the primer to Incorporate a separation or detection element or 



the llgand for the specific receptor; 
a specific antibody for the antigen; 
the antigen; 

an antibody specific for the antildlotypic 
antibody; 

an antildlotypic antibody specific for the 
antibody; 

a specific antibody for the haptenic group; 
the haptenic group; 

a tight binding Inhibitor for the enzyme; and 
the enzyme. 

gands for which there are available receptors 



wo 90/09455 



PCT;%€9fli/600S8 



-25- 

elements (depending on configuration) and the the element or elements are 
therefore covalently attached to the specific prlmfeV-. Because qf this 
covalent attachment, washing steps can be performed at very high stringency 
which results In reduced background and Increased specificity. 

Another advantage Is that the method of the invention can ^be .eiisl ly 
automated. 1 »■ . 

In the method of the Invention the steps can be incorporatedfinto a 
simple kit format. 

A further advantage Is that an oligonucleotide primer Raving a 
sequence complimentary to a conserved or variable region of th# genome of 
the organism of Interest can be used and thus can be 'deslgfied for Mgb'br 
low specificity (I.e.. genus specific, species specific or strain Jpeclfic) . 
a rapid and sensitive method for the detection of specific rjolyriucleotlde 
sequences or nucleotide changes In specific polynucleotide sequehces using 
a single oligonucleotide probe. 

Generally In the method of the invention the detectable hybrid U 
captured by a solid matrix to allow washing away of unincorporated 7 
detectable element. While this is not a difficult step it d6es add to the 
time required for processing. The step can be overcome by choosing a ' 
detectable element whereby any unincorporated detectable element can b;e 
simple Inactivated and left in the reaction mix, rather thaifitaying fo be 
physically removed. . 

Generally, a detection sensitivity In the order of 10^ -'^lo^ 
genome copies is quite adequate for detecting a wide range of v1i-us, ' 
bacterial and parasitic organisms which are usually present in mod"e1-ate to 
high numbers in their respective disease states. For defect diseases in 
which the infectious agent Is present only in very low numbers (e.g. HIV) 
the method of the invention can make use of the technique of rpolymerisatipn 
chain reaction (PCR) which is effectively an amplification step,which ' 
results in an increase in sensitivity. 

2. Infectious Disease Diagnosis Advantages 
The method of the Invention permits the rapid, simple arid ' r 
non-hazardous detection of specific polynucleotide sequehces in samples of 
biological material especially Infectious agents. The detectable sequence 
may be part of an infectious organism such as a virus, bacterium, Protozoan 
or fungus, or part of a gene in which an abnormality results in a genfetic 
disorder: for example, sickle-cell anemia, cystic fibrosis, 



wo 90/09455 



PCr/AU90/00058 



-26- 

a-thalassemia or ^-thalassemia. 

Non-viable organisms can be detected using the method of the 
Invention. 

A further advantage Is the method can use a mixture of 
oligonucleotide primers for the detection of a battery of agents suspected 
of causing a broad range of disease states (e.g., pneumonia; mycoplasma, 
chlamydia, streptococcus, leglonella, RSV). 

3, Genetic Disease Diagnosis Advantages 

The method can be used for the rapid detection of an altered 
nucleotide base (point mutation) and for the detection of the Insertion or 
deletion of one or more nucleotides In a polynucleotide sequence. In this 
Instance the genetic change has to be known and characterised at the DNA 
sequence level . 

The detection of a single or more base changes can be automated. 

The method can be adapted to large scale screening for single (or 
more) nucleotide changes. This is particularly Important In screening for 
genetic diseases such as cystic fibrosis but can also be adapted to the 
differentiation of alleles not necessarily involved in gene expression such 
as used for DNA profiling. 

This particular method does not involve solid-liquid hybridisation, 
precise liquid hybridisation conditions and is not technically demanding. 
Other systems, such as Southern blot hybridisation, require that the target 
polynucleotide sequence is linked to a solid support (technically 
demanding) and/or the use of oligonucleotide probes that require precise 
hybridisation conditions. These systems cannot be automated and are not 
easily adapted to large scale screening. 

Brief Description of Drawings 

Preferred embodiments of the invention are now described with 
reference to the following drawings in which: 

Figure 1 is a schematic drawing of a method for detecting a specific 
polynucleotide sequence; 

Figure 2a is a schematic drawing of a method for detecting a specific 
polynucleotide sequence using a separation element which links to the 
oligonucleotide primer portion of an extended primer; 

Figure 2b is a schematic drawing of a method for detecting a specific 
polynucleotide sequence using a separation element which links to the 
extended portion of an extended primer; 
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Figure 3a Is a schematic drawing of a meihod for detecting a 
nucleotide or base change using a separation element which links to the 
oligonucleotide primer portion of an extended primer; . i . ^ 

Figure 3b Is a schematic drawing of a method, for detect 1nii>. 
nucleotide or base change using a separation element which links tbrtlie 
extended portion of an extended primer; ■ • 

Figure 3c Is a schematic drawing of a method for detect1h|? k 
nucleotide or base change using a detectable element linked tb the extended 
portion of an extended primer; -^^^^f: ^ 

Figure 4 shows an autoradlograph used to verify the siil of jhe. 
extended oligonucleotide produced In the third example of tMl;r -1 rnje ^^^^^^^ and 

Figure 5 is a schematic depiction of an apparatus for {^itfi^MV^ any 
one of the methods of the Invention. ..A^,; 

Best Mode and Other Modes of Carrying oiri:tH:he Invention . 

There are four especially preferred applications of ^thfe ifl^th^d^sl^of 
the invention, that Is. <1) the detection of a specific nucTeotlde- sequence 
(major application: infectious diseases) (11) the detection W t njicJeotide 
or base change (major applications: genetic disease? and DNA 
fingerprinting) (111) the detection of multiple speGlfIc nucleotide 
sequences using different capture molecules .(major Sppl 1 cation : rmuUI pie 
Infectious diseases) and (1v) detection of multiple nucVeotlde orbase 
changes In different polynucleotide sequences (major ^ppltcatloftS: multiple 
genetic diseases and DNA fingerprinting), A single apparatus -(with minor 
modifications) is suitable for use with all applications, 

1^ Detection of a specific nucleotide sequence 

Referring to Figure 1, a method for detecting a specific: > 
polynucleotide sequence first involves the synthesis of ar^i1i>TtS(^^ 
primer complementary to the target polynucleotide sequence/ :%i^i|i^t1 mum 
length of the primer depends on the length of the most conserved' sequence 
In the polynucleotide sequence to be detected up to ^a nt^xithum ^eft^tV 30 
nucleotides. • - / 

The specific primer is preferably attached to an Inert solid support, 
using the method of Ashley and MacDonald (1984). Ari^> Inert suplpbr^ ' 
particle to which small DNA molecules can be attached can be used, f . 
Instance cellulose or nylon. The polynucleotide seqlience td befldet^^^ Is 
added to the support - specific primer conjugate In the. presence of a ./ 
solution that promotes rapid hybridisation btet»ife€n' the specfTIc prime ^^^^^^ 
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the polynucleotide sequence. One appropriate solution contains 0.15M 
sodium chloride, 0.015M sodium citrate and 4% polyethylene glycol 6000. 
The support Is then washed. 

The choice of washing buffer determines the stringency conditions. A 
standard buffer is 140mM sodium chloride, 15mM sodium citrate and 20mM 
sodium phosphate, pH 7.0. 

The specific primer Is extended using either DNA polymerase I (Klenow 
fragment) or reverse transcriptase In the presence of the four 
deoxyrlbonucleotldes, one of which Is labelled, radloactlvely, with blotin 
or with a fluorescent label. The length of extension depends upon the time 
and temperature of the extension reaction providing all chemicals are In 
non-limiting concentration. 

Generally the reaction Is carried out at 37*C for 30 minutes and the 

32 

label Is P. The level of incorporation of labelled nucleotide Into 

the extended primer Is measured by liquid scintillation when the label is 

Alternatively the label can be a fluorescent label. 

Following primer extension the mixture is washed and assayed for 
presence of the label. 

The presence of label after the final wash indicates that the primer 
has been extended, and that, therefore, the nucleic acid whose presence is 
being assayed is present. The specific primer can only be extended using 
the nucleic acid to which it Is complementary as template. 

In summary this method involves the following steps; 

the synthesis of a specific primer complementary to part of a known 

or partly known nucleic acid sequence, the target. 

the attachment of a capture (Configuration A - Figure 2a) or detector 

(Configuration B - Figure 2b) molecule to the 5* end of the specific 

primer 

the hybridisation, in solution, of this specific primer to the target 
nucleic acid sequence 

the addition to the solution of the four deoxyribohucleotides and 
either a DNA dependent DNA polymerase (if the target is DNA) or a RNA 
dependent DNA polymerase (if the target is RNA) under conditions 
suitable for the enzymatic extension of the specific primer. One or 
more of the deoxyrlbonucleotldes has covalently attached to it a 
detector molecule (Configuration A) or a capture molecule 
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(Configuration B> 

the polymerase enzyme extends the primer usliig the target n-uclelc 
» acid as a template and simultaneously Incorporates either a detector 

or a capture molecule Into the extended primer 
« the reaction can be heat denatured and the cycle repeated/tp amplify 

the amount of extended specific primer > 
for Configuration A, the specific affinity molecule (attached to a 
solid support) Is added to the solution under, conditions conducive to 
the binding of the capture molecule to the specific affinity molecule 
for Configuration B, the extended specific primer Is precipitated 
with ethanol, washed to remove unincorporated deoxyrlbonucteoti de- 
capture molecule complex. After washing, the extended specific 
primer Is resuspended in a solution conducive to the blading of the 
capture molecule to the specific affinity molecule. The specific 
affinity molecule (attached to a solid support) Is then b,4^6 
once the extended specific primer Is attached to the specific 
affinity molecule-solid support complex via the capture- Jnolecule-. the 
mix Is washed extensively under high stringency conditions 
at the conclusion of the washing step, the mix is assayed using a 
procedure appropriate for detecting the detector molecule fV 
2. Detection of a nucleotide or base chanop 

This method Involves the following strps: : ^ 

the synthesis of a specific primer complementary to part of a known 
or partly known nucleic acid sequence, the target. The spteclflc 
primer sequence is complementary to the target sequence either 
Immediately adjacent to but not Including the single nucleotide or 
base to be detected or not Immediately adjacent to the- single 
nucleotide or base to be detected but having an Intervening" sequence 
between the bound primer and the nucleotide Or base to-be detected 
the attachment of a capture (Configuration A - Figure 3a) or detector 
(Configuration B - Figure 3b) molecule to the 5' end of the specific 
^ primer. For Configuration C (Figure 3c), neither a capture or 

detector molecule are attached to the specif tecprimer at the 5" end 
the hybridisation, In solution, of this specific primer.Jo the target 
nucleic add sequence 

the addition to the solution of only one type of didedKyrfbo- 
nucleotide (or deoxyrlbonucleotlde). that the one which can pair 
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or hydrogen bond with the base or nucleotide to be detected in the 
target sequence and either a DNA dependent DNA polymerase (if the 
target is DNA) or a RNA dependent DNA polymerase (If the target Is 
RNA) under conditions suitable for the enzymatic extension of the 
specific primer. The dideoxyrlbonucleotlde (or deoxyrlbo- 
nucleotlde) has covalently attached to it a detector molecule 
(Configuration A and C) or a capture molecule (Configuration B) 
the polymerase enzyme extends the primer using the target nucleic 
acid as a template adding only one molecule of the dideoxyrlbo- 
nucleotlde (or deoxyrlbonucleotide) If base pairing is possible. The 
specific primer 1s not extended if base pairing between the 
dideoxyrlbonucleotlde (or deoxyrlbonucleotide) and the target 
sequence is not possible, A detector (Configuration A and C) or a 
capture (Configuration B) molecule 

the reaction can be heat denatured and the cycle repeated to amplify 
the amount of extended specific primer 

for Configuration A, the specific affinity molecule (attached to a 
solid support) is added to the solution under conditions conducive to 
the binding of the capture molecule to the specific affinity molecule 
for Configuration B, the extended specific primer is precipitated 
with ethanoU washed to remove unincorporated dideoxyribon- 
nucleoti de-capture molecule complex (or deoxyribonucleoti de-capture 
molecule complex). After washing, the extended specific primer Is 
resuspended in a solution conducive to the binding of the capture 
molecule to the specific affinity molecule. The specific affinity 
molecule (attached to a solid support) is then added 
for Configurations A and B, once the extended specific primer is 
attached to the specific affinity molecule-solid support the complex 
via the capture molecule, the mix is washed extensively under high 
stringency conditions 

for Configuration A and B, at the conclusion of the washing step, the 
mix is assayed using a procedure appropriate for detecting the 
detector molecule 

for Configuration C. the reaction mix is loaded onto a lane of an 
agarose or pol y aery 1 amide gel of suitable composition, 
electrophoresed to resolve the extended specific primer-detector 
molecule complex and finally assayed using a procedure appropriate 
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for detecting the detector molecule. Labelled size staji^ards are 
normally included in another lane of the gel. u h 

3. Detection of Multiple Specific Nucleotide Sequenc es using Different 

Capture Molecules, ie Multiple Infectious: Diseases r 
This method involves the following steps: . i 

the synthesis of multiple different specific primers eath <Sf which is 
complementary to a different known nucleic, acid sequence, ithe>targets 
the attachment of different capture molecules to the 5* en^ Of the 
different specific primers . i ; ^; . 

the hybridisation, in solution, of these different specific primers 
(with attached different capture molecules) to the different target 
nucleic acid sequences to which the different specific ^r^mers are 
complementary . : : ' 

the addition to the solution of the four dfeoxyrlbonucltebtldes and 
either a DNA dependent DNA polymerase (if the targets ar^e -alT DMA), 
or a RNA dependent DNA polymerase (if the targets are all #A) or 
both polymerases (if the targets are a mixture of both-Oj[A jarMJ J?T«A) 
under conditions suitable for the enzymatic extension of iWifeVspecifIc 
primers If these specific primers are hybridised with their ■ 
complementary target nucleic acid sequence. 'One or more 6f the 
deoxyribonucleotides has covalently attached to it a dltfec|e>r. molecule 
the polymerase en2yme(s) extends the different specif Ic^ptfiner using 
the different target nucleic acid sequences as a templates and 
simultaneously incorporates a detector molecule into the fended 
primers .^i: V 

the reaction can be heat denatured and the cycle repeated to^amplify 
the amount of different extended specific ^primers ' 
different specific affinity molecules (which *haye specl fit affinity 
for the different respective capture molecules and are attached to 
solid supports such as "test strips") are added the sol '^lYpn 
conditions conducive to the binding of the different capture iinoiecule 
to their different specific affinity molecule ' . 
once the different extended specific primers^'are attaehl^^ to their 
specific affinity molecule-solid support complexes via t)^p'd 
capture molecules, each different complex is removed ind^SvldHjally 
with the appropriate test strip which subsequently is;^washe:d 
extensively under high stringency conditions 
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at the conclusion of the washing step, one of the test strips Is 
assayed for the presence of detector molecule using a procedure 
appropriate for the particular detector molecule. If the assay 
Indicates that the detector molecule Is present on the test strip 
then this Is Indicative that the specific nucleotide sequence 
targeted by the primer having that particular detectable molecule Is 
present In the test sample. If the assay Indicates that no detector 
molecule 1s present on the test strip then this Is Indicative that 
the specific nucleotide sequence targeted by the primer having that 
particular detectable molecule Is not present In the test sample 
the procedure of the last step Is repeated for each of the test strips 

4. Detect ion of a multiple nucleotide o r base changes In di fferent 
polynucleotide sequences. 1e multiple genetic defects or diseases 
or genetic fingerprinting 

This method Involves the following steps: 

the synthesis of a multiple different specific primers each of which 
is complementary to a different known nucleic acid sequence, the 
targets- The different specific primer sequences are complementary 
to their respective different target sequences immediately adjacent 
to the single base to be detected 

the attachment of different capture molecules to the 5' end of the 
different specific primers 

the hybridization, in solution, of these different specific primers 
to their different respective target nucleic acid sequences 
the addition of the solution of all four types of dideoxyrlbo- 
nudeotide (eg, ddATP, ddCTP, ddGTP. ddTTP) and either a DNA 
dependent DNA polymerase (if all the targets are DNA) or a RNA 
dependent DNA polymerase <1f all the targets are RNA) or both (if the 
targets are a mixture of both DNA and RNA) under conditions suitable 
for the enzymatic extension of the different specific primers. Each 
dideoxyribonucleotide has covalently attached to It a different 
detector molecule. 

the polymerase enzyme extends the different specific primers using 
the different target nucleic acid sequences as templates adding only 
one molecule of one of the dideoxyribonucleotldes 
the reaction can be heat denatured and the cycle repeated to amplify 
the amounts of extended different specific primers 
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the specific affinity molecules (with specific affinity for the , 
different respective capture molecules and are attached^ to solid 
supports such as "test strips") are added to the solution, lender 
conditions conducive to the binding of the different cipture 
molecules to the different specific affinity molecules 
once the different extended specific primers are attached to their 
specific affinity molecule-solid support complexes via th$ different 
capture molecules, each different complex Is removed Individually 
with the appropriate test strip which subsequently Is washed . 
extensively under high stringency conditions 
at the conclusion of the washing step, one of the test strips Is 
assayed for the presence of detector molecule using a procedure 
appropriate for the particular detector molecule. If the a.ssay 
Indicates that the detector molecule Is present on the test strip 
then this Is Indicative that the specific nucleotide sequerice 
targeted by the primer having that particular detectable molecule Is 
present In the test sample. If the assay indicates that r>o detector 
molecule Is present on the test strip then tbls Is Indicative: that 
the specific nucleotide sequence targeted by the primer having that, 
particular detectable molecule Is not present In the test sample 
the procedure of the last step is repeated for each of the test strips 
5> Apparatus for Carr vino out Methods of the Invention 

Referring to Fig. 5 apparatus 100 is generally suitable for carrying 
out the methods of the invention according to non-automatic or autpjnatic 
procedures-. The extending and separation prpcedures take plaogf ytttkln 
removable reactor 10 which Is disposed within support vessel lV.^ Vessel 11 
Is temperature controlled by therrao-con trolled Jacket 12. .The contents of 
reactor 10 are mixed by shaking vessel 11 using shaker 13. The base of 
reactor 10 has specific porosity membrane 14 supported by membr aw. support 
15. Reactor 10 Is supported In vessel 11 by support for removable' r.$a^tor 
21'. / -. 

Sample material, prlmer(s) and extending reagents are delivered to. 
reactor 10 from their respective vessels 16, 17 and 18. Primer annealing 
and extension are permitted to occur for an appropriate period under jgbntle 
mixing and fixed temperature conditions. This reaction creates an extended 
primer having a detectable element and separation element provided the^ 
sample has a specific polynucleotide sequence for which, the primer hasi a 
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sequence complementary to part of the specific polynucleotide sequence. 

Subsequently specific affinity molecule(s) (SAM(S)) attached to an 
Inert support for the separation element are added to reactor 10 from SAM 
supply vessel 19 and allowed to react with extended primer for an 
appropriate period. Unreacted reagents, buffer and unextended prImerCs) 
are then removed to waste container 25 via vacuum line 25, having 
associated vacuum pump 24, attached to the base of support vessel 11 whilst 
extended pr1mer{s) having attached SAMCS) are retained In reactor 10 by 
membrane 14. The retained prImer-SAM complexes are washed with wash 
reagent supplied from vessel 22 to remove background and thereby create the 
first fraction In reactor 10. The first fraction Is then examined for the 
presence of detectable element with detector 23. Typically, the detectable 
element Is a radioactive element such as ^^P and detector 23 1s a 
scintillation counter. 

If the assay indicates that the detector molecule Is present then 
this Is Indicative that the specific nucleotide sequence Is present In the 
test sample. If the assay Indicates that no detector molecule Is present 
then this Is Indicative that the specific nucleotide sequence Is not 
present In the test sample. 

Example 1 

In this example of the detection of a specific polynucleotide 
sequence, the method depicted In Fig. 1 was used for the detection of the 
single stranded genomic DNA of the bacteriophage M13. 

1. Synthesis of th g sy nthgtic prinier- 

A 17--mer DNA complementary to M13 ssDNA was synthesized on an Applied 
Blosystems DNA Synthesizer. 

The 17-mer had the nucleotide sequence: 

3««T-G-A-C-C-G-G-C-A-G-C-A-A-A-A-T-G- 5' 

This primer Is not only complementary to Ml 3 single-stranded DNA but 
also to the bacterial double-stranded DNA plasmid, pUC12. 

2. Attachment of the primer to cellulose. 

The method of Ashley and MacDonald (1984) was used to attach the 
primer to ABM-cellulose. The amino benzyl oxymethyl (ABM) groups on ABM 
cellulose were diazotlzed to form dlazobenzyloxymethyl-cellulose 
(DBM-cellulose). The specific primer was attached to the DBM-cellulose. 
Approximately 40 jig of specific primer was bound to 20 mg of cellulose. 
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3. Hybridization of specific prlmer- reT lulose (SP-cellulfrse) wlfclv. targpf 
nucleic acid 

SP-cellulose was resuspended in a solution containing l^vp target,., 
nucleic acid either M13 ssDNA or pUC12 and water. ThU was iriixed, boiVed 
for 5 minutes and quenched on ice. The mixture was then washed by 
centrifugation using a wash buffer comprising .14pmM sodium ch>|»r1de, ISmM' 
sodium citrate and 20mM sodium phosphate, pH 7.0 to remove n^c1fe^j| keidis . 
that had not hybridised with the SP-cellulose. v. ..oi;- :•■ ^.i ^ 

4. Primer extpn<;1nn • . . - 
The specific primer was extended using DNA polymerase I <Kien<Aif 

fragment) together with labelled and non-label led nucleotides. - ^iS' 
The reaction conditions were as follows: ' -^'y^f^ ' 

20 : 1 Reaction Miv - - 

50mM TrIs-HCl. pH 8^3 
8mM Magnesium chloride VilV 
4mM d1 thiothrel to! ' : ; : :■■ 2;^^: " 
4mM sodium pyrophosphate 
ImM each dATP, dGTP and dTTP ^ 
1 CI dCTP . T = : , 

7 units DNA polymerase I, Klenow frai%B|;;- 
It was found that the addition of polyethylene glycol 6Q00iito a final 
concentration of 4% Increased the incorporation of radioactivity up to 
three fold. . . 

The reaction mix was Incubated for 2 hrs at 20'C. ' 
At the end of the Incubation, unincorporated nucleotides were removed 
by washing the SP-cellulose four times by centrifugation. TM^waSfelag 
buffer was 140mM sodium chloride, ISmM sodium citrate and 20mM"sodium^ - 
phosphate, pH 7.0. The sample was vortexed for 1 minute at r<wm>^- ^ 
temperature then centrlfuged at 12,000g for 5 minutes- This Va^ repe^ati^ 
four times. 

Finally, the SP-cellulose was added to a vial containing, 
scintillation solution and incorporation was determined using a liquid 
scintillation counter, 

Ey&ynple z ^■ 
In this example of the detection of a specific polynucl edit de ' 
sequence according to the second embodiment of the invention, single , 
stranded genomic DNA from the bacteriophage M13 mplB was detected Js|ng the 
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following oligonucleotide primer: 

M13 ssDNA 

3' . . .TTTGCTGCCGGTCACGGTTCGAA, . .5' 
5'AAACGACGGCCAGTGCC 
Specific Primer 

The configuration used In this example Is demonstrated In Figure 2b; 
the detector molecule In this example Is ^^P and Is attached to the 5' 
end of the specific primer; the capture molecule Is blotin and is 
Incorporated Into the extended primer as b1ot1n-16rdUTP (an analogue of 
dTTP); the specific affinity molecule is streptavidin and the solid support 
is agarose. 

The specific primer was syntheslsed using an oligonucleotide 
synthesiser and was 5' end labelled with ^^P using polynucleotide kinase 



as follows: 
Reaction mix: 

Specific primer (50 pmoles 5'OH ends) Ijil 

100 mM dithiothreltol . 5|il 

lOx TM Buffer 5jil 

(600 mM Iris. pH7.6; 90 mM MgClg) 

yJ^p^ifijp (3000 Ci/mmole) ^5]l^ 
T^ polynucleotide kinase (B.6 units/ml) 

ddH^O 22|JLl 



The reaction mix was incubated at 37*C for 20 minutes. The labelled 

32 

primer was separated from unincorporated P using a DEAE cellulose 
column. 

The primer extension reaction was carried using the following 
reaction mix either with M13 mpl8 or lambda bacteriophage (as a non- 
homologous control): 
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M13 


Lambda. 


Template DNA (500 ng) 


2.5ul 


IGul 


^^P labelled specific primer 


lOul 


lOul . 


DNA polymerase (Klenow; 1 unlt/ul 


lul 


lul .. 


Blot1n-16-dUTP (ImM) 


lul 


lul . 


dCTP (1 mM) 


lul 


lul 


dGTP (1 mM) 


lul 


lul 


dATP (1 mM) 


lul 


lul 


NaCl (5 M) 


lul 


lul 


MgSO^ (1 M) 


O.Sul 


O.Sul 


Dithlothreltol (4 mM) 


1.25ul 


1.25ul 


Bovine serum albumin <1 mg/ml) 


2.5ul 


2.5ul 


Trls HCl, pH7.0 (1 M) 


2.5ul 


2.5ul 


ddH20 


24.75U1 


25/25U1 



The reaction mix was Incubated at 37'C for 60 minutes. At the 
completion of the Incubation, the extended primer was precipitated with 
ethanol to remove unincorporated b1ot1n-16-dUTP. To the reaction mix was 
added one volume (50u1) 5M ammonium acetate and 250u1 ethanol, foTlowed by 
brief mixing and Incubation at -20*C for one hour. The precipitate ^as 
collected by centrlfugatlon, dried briefly, resuspended In 50uV dlHgO and 
applied to a 200ul streptavldin/agarose column (containing O.izmg 
streptavldin) previously equilibrated with binding buffer (10 mM Jrls HCl, 
pH7.5; 200 mM NaCl; 1 mM EDTA). The column was washed five times with 
500ul each of binding buffer. The streptavldin/agarose was su-spemied In 
1ml binding buffer to which was added 6ml of scintillation fluid -ind the 
mixture counted 1n a liquid scintillation counter^ ; 

The results for the Ml 3 and the lambda systems were as follp^^s: 

Template cm ] ^' 

Ml 3 29,055 -U' 

lambda 1,043 ' ; 

The results demonstrate that the primer was specifically extended 
only in the presence of the homologous template, Ml 3, but not extended In 
the presence of the non-homologous template, lambda. Further, btotln was 
Incorporated Into the extended primer. 
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In this example of the use of the invention for the detection of an 
altered nucleotide base, the configuration shown in Figure 3c was used. 
The M13 sequence detected and the oligonucleotide primer sequence used were 
as follows: 

H13 ssDNA 

3'.-.TTTGCTGCCGGTCACGGTTCGAA,..5' 
5'AAACGACGGCCAGTGCC 
Specific Primer 

The specific primer was syntheslsed using an oligonucleotide 
synthesiser. 

The reaction mix was set up as follows: 

500 ng M13mpl8 ssDNA Z.5\i] 
0.8 pmoles specific primer Z.O^il 
lOx reaction buffer l.Sftl 
ddH20 l.Ofil 

This reaction mix was Incubated at 55^C for 10 minutes at which time 
the following were added: 

^^P dATP (3000 Cl/mmole, 10 mC1/ml> , O.Bjtl 

^^P ddATP (3000 Cl/mmole, 10 mCi/rol) T.SjJil 
DNA polymerase (Klenow) (1 unlt/jil) l.Ojil 
This reaction mix was Incubated for a further 15 minutes at ZS'C. 
The reaction was stopped by the addition of 4ul formamlde dye (95% 
formamide, 0.1% xylene cyanol, 0.1% bromophenol blue). The reaction mix 
was heated at 100*C for three minutes prior to loading on a 20% 
polyacryl amide gel and electrophoresing for 30 minutes at 30 mi 11 lamps. 
The gel was then fixed in 10% acetic acid, washed with ddH^O and exposed 
to X-ray film at -80*C for 12 hours. 

The resulting autoradlograph (Figure 4) exhibited only one band of 18 
nucleotides in length. Thus the primer had been extended by only one 
nucleotide by the Incorporation of a labelled adenine residue and thus 
detecting a specific single nucleotide in a nucleic acid sequence. 

Eyftinplg 4 

In this example of the detection of a specific polynucleotide 
sequence, the method of Fig. 2a was used for detection of the single 
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Stranded genomic DNA of the bacteriophage M13. ' ' • ■ • ; 

1. Synthesis of the synthetic primer ■ - • 
A 25-mer DNA complementary to MIS ssDNA was synthesized 'bj^ Clontec 

(USA). ' > : 

The 25-mer had the nucleotide sequence . ^ ^ 

5'-X ACG TTG TAA AAC GAC GGC CAG TGC C-3' -."a,^ . 

where X Is blotin covalently attached to amodlfied micteotlde. 

2. Hybridisation and primer extension 

The primer was mixed with buffer containing elttiev MVS li'NAvX target) 
or herring sperm DNA (control) and extended using DNA PolymeirBse^ 
fragment). . .. ^ v • " 

Reaction conditions were as follows: v ; v'C 

50 mM Tris pH 7,5 . 
10 mM MgClg 

4 mM DTT J i: 

100 mM NaCl . ' f 

50 ug/ml bovine serum albumin 
0.02 mM each dATP, dGTP. dHP 
1 C1 ^^P dCTP 

742.5ng/50ul M13 or herring sperm DNA 
25.8ng/50ul blotln-prlmer 

0.5 units DNA polymerase I, Klenow fragment. ^. 
The reaction mixes were Incubated at 37*C for 60' and terminated by 
precipitation and washing. 

Precipitation was carried out by addition of 5M ammonlwn acetate, 
calf thymus DNA as carrier and ethanol. Pellets collected by. £; 
centrlfugatlon were washed with 70X ethanol until washings cpirtatjied less 
than 500 cpm. . -^yL 

Washed pellets were then dissolved in binding buffer con sifting pf 
200mM NaCl, lOmM Tris pH 7.5, ImM EDTA and applied to a column Qf 
streptavldln-agarose. Columns wisre washed with several volumes;; of buffer 
and counts bound to streptavldin agarose (SA) were measured, with thf 
following results: 

Target cpm bound to SA ' , . 

Ml 3 11,939 

Herring Sperm 83 

The results demonstrate that only primers extended In the .presence of 
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target M13 DNA result in significant radioactivity being bound to the 
column. 

Industrial Appllcabllltv 
The method of the Invention can be readily used in the following 
applications: 

a) the simple, rapid, sensitive and automatable detection of 
infectious diseases of humans, animals and plants; 

b) the specific, rapid and large scale detection of base changes in 
nucleic acid sequences, particularly in the detection of gene 
defects and DNA fingerprinting; 

c) kits for use with the above applications; and 

d) automated equipment for use with the above applications. 
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CLAIMS 



A method for detecting a specific pGlynucleofcid^ sequence 
in a material comprising: 

exposing said material to an oligonucleotide primer 
having a sequence complementary to part of said specific 
polynucleotide sequence wherein said primer, binds. to part 
of said polynucleotide sequence when present in said 
material; 

h) extending primer bound to the. polynucleotide s;equence 

wherein any extended primer includes a detectable -element 
or a separation element; ^ 

c) separating any extended primer into a fraction wherein 

said fraction does not have - detectable . element not 
included in said extended primer; aTid 

determining whether any extended primer is, present in 
said fraction by assaying said fraction for said extended 
primer wherein the presence of said extended primer is 
indicative of the presence of the specific polynucleotide 
sequence in said material and the- absence of . said 
extended primer in said fraction is indic§63tiye=r of the 
absence of the specific polynucleotide sequence in said 
material. 

2- A method for detecting a specific polynucleotide sequence 

in a material comprising: ; ♦ 

a) exposing said material to an- oligonucleotide primer 

having a sequence complementary to part of; said specific 
polynucleotide sequence wherein said primer binds to. part 
of said polynucleotide sequence when present in said 
material; 

extending primer bound to the polynucleotide sequence 
wherein any extended primer includes a detectable element 
and a separation element; 

c) separating detectable element not . included in said 
extended primer from any extended primer wherein, any 
extended primer is separated into a fractiori; and 

d) determining whether any extended primer is present in 
said fraction by assaying said fraction fot said 
detectable element wherein . the presence . of said 
detectable element is indicative of the presence of the 
specific polynucleotide sequence in said material and 
the absence of said detectable element in said fraction 
is indicative of the absence of ttm specific 
polynucleotide sequence in said material. 
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3. A method for detecting at least two different specific 

polynucleotidSs sequences in material having a plurality 
of different polynucleotide sequences comprising: 

a) exposing said material to at least two different 
oligonucleotide primers each of said different 
oligonucleotide primers having a sequence complementary 
to part of one of said different specific polynucleotide 
sequences wherein each of said primers binds to part of 
one of said different specific polynucleotide sequences 
when present in said material each of said 
oligonucleotide primers binding to part of a different 
specific polynucleotide sequence to the other of said 
oligonucleotide primer(s); 

b) extending said different oligonucleotide primers bound 
to their different specific polynucleotide sequences 
wherein any extended primer includes a detectable element 
or a separation element; 

c) separating any extended primers into at least one 
fraction wherein said fraction(s) does not have 
detectable element not included in said extended 
primer (s) ; and 

d) determining whether any extended primers are present in 
said fraction (s) by assaying said fraction (s) for at 
least one of said extended primers wherein the presence 
of said extended primer (s) is indicative of the presence 
of at least one of the different specific polynucleotide 
sequences in said material and the absence of said 
extended primer (s) in said fraction (s) is indicative of • 
the absence of at least one different specific 
polynucleotide sequence. in said material. 



4. A method for detecting at least two different specific 

polynucleotide sequences in material having a plurality 
of different polynucleotide sequences comprising: 

a) exposing said material to at least two different 

oligonucleotide primers each of said different 
oligonucleotide primers having a sequence complementary 
to part of one of said different specific polynucleotide 
sequences wherein each of said primers binds to its 
complementary polynucleotide sequence when present in 
said material each of said oligonucleotide primers i 
binding to part of a different specific polynucleotide 
sequence to that of the other oligonucleotide primers; 
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extending said different oligonucleotic3e primers bound 
to their complementary polynucleotide sequences wherein 
any extended primer includes a detectable silement and a 
separation element; 

c) separating detectable element not included in said 

extended primers from any extended primers wherein any 
extended primers are separated into afc: least one 
fraction; and ' . 

^) determining whether any extended' primers are present in 

said fraction (s) by assaying said fraction(s| for said 
detectable element (s) wherein the presences of said 
detectable element (s) is indicative of the presence of 
at least one of the different specific ^polyhucleotide 
sequences in said material and absence of said detectable 
element(s) in a fraction (s) is indicativre .ot .the absence 
of at least one different specific pc^iynucleotide 
sequence in said material. 

^- ^ method for detecting whether a specific nucleotide or 

base is at a particular position in 'a'^ispecific 
polynucleotide sequence in material comprising: 

^) exposing said material to an oligonucleotide primer 

having a sequence complementary ' to part -of the specific 
polynucleotide sequence wherein said primer binds to part 
of said specific polynucleotide sequence in si&id material 
immediately adjacent to the particular position; 

^) extending primer bound to the specif ic polynucleotide- 

sequence with the proviso thait the bound primer is only 
extended up to and including said specific nucleotide or 
base when said specific nucleotide or base is at the 
particular position in the specific' polynucleotide 
sequence wherein the extended primer has a detectable 
element and/ or a separation element at a ' position 
complementary to said specific nucleotide or base; 

^) separating any extended primer in^to a fraction wherein 

said fraction does not have- detectable .element not 
included in said extended primer ; and . ; ; 

^) determining whether any extended primer is present in 

said fraction by assaying said fraction for said extended 
primer wherein the presence of said extended primer 
indicates that the specific nucleotide or base is at the 
particular position in the specific polynucleotide 
sequence and the absence of said extended primer 
indicates that the specific nucleotide or ba^e is not at 
the particular position in the specif ic. polynucieotide 
sequence. 
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6. A method for detecting whether the same or different 

specific nucleotides or bases are at particular positions 
in at least two different specific polynucleotide 
sequences in material having a plurality of different 
polynucleotide sequences comprising: 

a) exposing said material to at least two different ? 
oligonucleotide primers each of said different 
oligonucleotide primers having a sequence complementary 
to part of one of said different specific polynucleotide ^ 
sequences wherein each of said primers binds to its 
complementary polynucleotide sequence when present in 
said material each of said oligonucleotide primers 
binding to part of a different specific polynucleotide 
sequence to that of the other primer (s) and wherein each 

of said primers binds to its complementary specific 
polynucleotide sequence in said material immediately 
adjacent to the particular position; 

b) extending said different oligonucleotide primers bound 
to their complementary polynucleotide sequences with the 
proviso that each of the bound primers is only extended 
up to and including the particular position when said 
specific nucleotide or base is at the particular position 
in the specific nucleotide sequence wherein each of said 
extended primers has a detectable element and/or a 
separation elem.ent at a position complementary to said 
specific nucleotide or base; 

c) separating any extended primer (s) which has extended only 
up to a specific nucleotide or base at a particular 
position into at least one fraction wherein said fraction- 
does not have detectable element not included in said 
extended primer; and 

determining whether at least one extended primer is 
present in said fraction (s) by assaying said fraction (s) 
for said extended primer (s) wherein the presence of an 
extended primer indicates that a specific nucleotide or 
base is at a particular position in a specific 
polynucleotide sequence and the absence of said extended 
.primer (s) in a fraction (s) indicates that at least one 
specific nucleotide or base is not at a particular 
position in at least one different specific 
polynucleotide sequence. 
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7. A method for detecting whether a. specific nucleotide or 

base is at * a particular position in. .= 'a specific 
polynucleotide sequence in material comprising: 

a) exposing said material to an oligonucleotide primer 

having a sequence complementary to part of the specific 
polynucleotide sequence wherein said primer bin<3si- to part 
of said specific polynucleotide sequence in ^aidrmaterial 
not immediately adjacent to ♦ the particura^. -position 
whereby there is an intervening sequence between the 
particular position and primer bound to the specific 
polynucleotide sequence; 

^) extending bound primer with the proviso that the bound 

primer is only extended up to and including said specific 
nucleotide or base when said specific nucleotide or base 
is at the particular position in the specific 
polynucleotide sequence wherein the extended tprimer has 
a detectable element and/or a separation element at a 
position complementary to said specific nucleotide or 
base with the proviso that the intervening sequence 
cannot be one where bases or nucleotides complementary 
to the intervening sequence and which are incorporated 
into the extended primer cause incorporation of an 
interfering detectable and/or separation, el^mfenty 

^) separating any extended primer which has extended only 

up to^ a specific nucleotide or base at a. particular 
position into a fraction wherein said, fraction does not 
have detectable element not included^ in sa^d extended 
primer; and 

• i . • ■ i" . . • ' 

d) determining whether any extended primer isr present in 

said fraction by assaying said fraction for said extended 
primer wherein the presence of said extended primer 
indicates that the specific nucleotide or base is at the 
particular position in the specific polynucleotide 
sequence and the absence of said extended primer 
indicates that the specific nucleotide or base is not at 
the particular position in the specific, polynucleotide 
sequence, . 

A method for detecting whether the same or different 
specific nucleotides or bases are at particular positions 
in at least two different specific polynucleotide 
sequences in material having a plurality of different 
polynucleotide sequences comprising: 

^) exposing said material to at least . twp different 

oligonucleotide primers each of sstid different 
oligonucleotide primers having a sequence complementary 
to part of one of said different specific polynucleotide 
sequences wherein each of said primers binds to its 
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coinpieinentary polynucleotide sequence not irnmediately 
adjacent to the particular position whereby there is an 
intervening sequence between the particular position and 
primer bound to the specific polynucleotide sequence when 
present in said material each of said oligonucleotide 
primers binding to part of a different specific 
polynucleotide sequence to that of the other primer { s) ; 

(b) extending said different oligonucleotide primers bound 

to their complementary polynucleotide sequences wherein 
each of the bound primers is only extended up to and 
including the particular position when said specific 
nucleotide or base is at the particular position in the 
specific nucleotide sequence wherein each of said 
extended primers has a detectable element and/or a 
separation element at a position complementary to said 
specific nucleotide or base with the proviso that the 
intervening sequences cannot be ones where bases or 
nucleotides complementary to the intervening sequences 
and which are incorporated into the extended primer (s) 
cause incorporation of interfering detectable and/or 
separation element(s); 

c) separating any extended primer which has extended only 

up to^ a specific nucleotide or base at a particular 
position into at least one fraction wherein said 
fraction (s) does not have detectable element not included 
in said extended primers; and 

determining whether any extended primers are present in 
said fraction (s) by assaying said fraction (s) for said 
extended primer (s)s wherein the presence of an extended 
primer (s) indicates that at least one specific nucleotide" 
or base is at a particular position in a specific 
polynucleotide sequence and the absence of said extended 
primer (s) in a fraction indicates that at least one 
specpific nucleotide or base is not at particular 
positions in at least one different specific 
polynucleotide sequence. 

9' The method of claim 1 wherein said extending comprises 

using at least one nucleotide selected from the group 
consisting, of dATP, dCTP, dGTP, dTTP, dUTP, dITP, ddATP, 
ddCTP, ddGTP, ddlTP and ddTTP. 

10. The method of claim 2 wherein said extending comprises 

using at least one nucleotide selected from the group 
consisting of dATP, dCTP, dGTP, dTTP, dUTP, dITP, ddATP, 
ddCTP, ddGTP, ddlTP and ddTTP. 
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11. The method of claim 3 wherein said extending comprises 
using at least one nucleotide selected ^rora the orouo 
consisting of dATP, dCTP, dGTP, dTTP, dUTP, dlTP; ddATP 
ddCTP, ddGTP, ddlTP and ddTTP. QGATP, 

12. The method of claim 4 wherein said extending comprises 
using at least one nucleotide selected from the aroun 
consisting of dATP, dCTP, dGTP, dTTP, dUTP, CCTP ddATP 
ddCTP, ddGTP, ddlTP and ddTTP-. • 

13. The method of claim l wherein said extending comprises 
using four different nucleotides selected froT^the grouD 
consisting of dATP, dCTP, dGTP, dTTP, dUTP. dlTP ddATP 
ddCTP, ddGTP, ddlTP and ddTTP. ' 



14. The method of claim 2 wherein Said extending comprises 

using four different nucleotides selected from tlie arouo 

°^ dGTP, -dTTP > dUTP, dITP,-. ddATP 

ddCTP, ddGTP, ddlTP and ddTTP. • • oQAii', 

15. The method ^of claim 3 wherein said extending comprises 
using four different nucleotides selected from tiie groSp 
consisting of dATP, dCTP, dGTP, dTTP, dUTP, dITP ^ ddATP 
ddCTP, ddGTP, ddlTP and ddTTP. aili-, CICIATP, 

The method of claim 4 wherein said extending comprises 
using four different nucleotides selected from the griup 
consisting of dATP, dCTP, dGTP, dTTP, dUTP, dITP ddAT'P 
ddCTP, ddGTP, ddlTP and ddTTP. . ... aOA^P , 

l^1r.T^^°^ °^ S wherein said extending comprises 

!^"?.n,*^"^ nucleotide selected from the group consistinS 
of dATP, dCTP, QGTP, dTTP, dUTP,' dlTPV -ddlTO ^dS^S^ 
ddCTP, ddGTP and ddTTP. . ' O^ATP, 

The method of claim 5 wherein said extending comprises 
using one nucleotide selected from the group consistina 
of ddlTP, ddATP, ddCTP, ddGTP and ddTTP : '=o"sisting 

The method of claim 6 wherein said extending comprises 
using at least one nucleotide selected from the arouo 

°^ «^TTP, dUTP, dlTP,: ddATP, 

ddCTP, ddGTP, ddlTP and ddTTP. ' . » aoAi.*-, 

The method of claim 6 wherein said extending comprises 
using at least one nucleotide selected from the aroup 
consisting of ddATP, ddCTP, ddGTP, ddlTP and ddTSpT 

The method of claim 7 wherein said extending comprises 
using one nucleotide selected from the group consisting 

• ddCTP, ddGTP and ddTTP. " ""aa*-. 
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22. The method of claim 8 wherein said extending comprises 
using at least one nucleotide selected from the group 
consisting of dATP, dCTP, dGTP, dTTP, dUTP, dITP, ddATP, 
ddCTP, ddGTP, ddlTP and ddTTP. 

23. The method of any one of claims 9 to 22 wherein at least 
one of said nucleotides has a detectable element. 

.? 

24. The method of any one of claims 9 to 22 wherein at least 
one of said nucleotides has a separation element, 

-* 

25. The method of any one of claims 9 to 22 wherein at least 
one of said nucleotides has separation and detectable 
elements/ 

26. The method of any one of claims 1 to 8 wherein the 
oligonucleotide primer incorporates a detectable element. 

27. The method of any one of claims l to 8 wherein the 
oligonucleotide primer incorporates a separation element. 

28. The method of any one of claims l to 8 wherein the 
oligonucleotide primer incorporates detectable and 
separation elements. 

29. The method of any one of claims i to 8 wherein any 
extended primer includes a separation element and said . 
separating step comprises: contacting any extended primer 
with a molecule having affinity for the separation 
element, said molecule being linked to a support that 
facilitates said separating; and separating said 
contacted extended primer (s) ro provide said fraction. 

30- The method of any one of claims i to 8 wherein any 

extended primer includes a separation element and said 
separating step comprises: contacting any extended primer 
with a molecule having affinity for the separation 
element; and separating said contacted extended primer (s) 
to provide said fraction wherein said separation element 
and said molecule are selected from the group listed as 
follows: 
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Separation Elemenl: 

(a) a ligand for which 
there is a receptor 

(b) a receptor; 

(c) an antigen; 

(d) an antibody for an 

antigen 

(e) an antiidiotypic 

antibody 

(f ) an antibody for an 
antiidiotypic antibody; 

(g) a haptenic group; 



(h) an antibody for a 
haptenic group; 

(i) an enzyme; 



(j) a binding inhibitor 

for an enzyme; 



31. 



Molecu le Having Affinity for 
Separation Element . ... 

a receptor for the ligand; 



the ligand for the receptor; 
an antibody for theantigen; 
the antigen; 



an antibody for the 
antiidiotypic antibody; 

an antiidiotypic antibody 
for the antibody 

an antibody for the haptenic 
group; »; 

the haptenic group 



a binding inhibitor for the 
enzyme; and -t. . 

the enzyme. 



The method of any one of claims 1 to 8 wherein anv 
extended primer includes a separation element and said 
separating step comprises: contacting any extended primer 
with a molecule having affinity for -the- separation 
element, said molecule being linked to a support that 
facilitates said separating; and - separating said 
contacted extended primer(s) to provid^e said fraction 
wherein said separation element and s^'id molecule are 
selected from the group listed as follows: 



wo 90/09455 



50 



PCT/AU90/OOOS8 



Separation Element 



(a) a ligand for which 
there is a specific 
receptor 

(b) a specific receptor; 



(c) an antigen; 



(d) . a specific antibody 

for an antigen; 

(e) an antiidiotypic 
antibody 

(f) an antibody for an 
antiidiotypic antibody; 

(g) a haptenic group; 



(h) a specific antibody 
for a haptenic group; 

(i) an enzyme; 



(j) a tight binding 

inhibitor for an enzyme; 



Molecule Having Affinity for 
Separation Element 

a specific receptor for the 
ligand; 



the ligand for the specific 
receptor; 

a specific antibody for 

the antigen; 

the antigen; 



a specific antibody for the 
antiidiotypic antibody; 

an antiidiotypic antibody 
specific for the antibody 

a specific antibody for the 
haptenic group; 

the haptenic group 



a tight binding inhibitor for 
the enzyme; and 

the enzyme. 



32. 



33. 



34. 



35. 



a) 
b) 



The method of any one of claims 1 to 8 wherein the 
specific polynucleotide sequence (s) is a DNA sequence. 

The method of any one of claims 1 to 8 wherein the 
specific polynucleotide sequence (s) is an RNA sequence. 

The method of any one of claims 1 to 4 wherein the 
specific polynucleotide sequence (s) is from an infectious 
or disease causing organism. 

A kit for detecting a specific polynucleotide sequence 
in a material comprising: 

an oligonucleotide primer having a sequence complementary 
to part of said specific polynucleotide sequence; 

polymerase enzyme for extending the oligonucleotide 
primer ; 
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c) at least one nucleotide selected from the group 
consisting of dATP, dCTP, dGTP, dTTP, dUTP, dITP. ddATP 
ddCTP, ddGTP, ddlTP and ddTTP; and ., ' 

d) a detectable element and/ or separation element which is 
optionally attached to the oligonucleotide primer or one 
or more of the nucleotides. 

36- A kit for detecting at least two different specific 

polynucleotide sequences in a material having a plurality 
of different polynucleotide sequences comprising: 

a) at least two different oligonucleotide primers each 
of said primers having a sequence complementary to part 
of one of said specific polynucleotide sequences;, 

b) a polymerase enzyme (s) for extending the V dff f erent 
oligonucleotide primers; 

c) at least one nucleotide selected frpm ' the group 
consisting of dATP, dCTP, dGTP, dTTP, dUTP, dITP/ ddATP, 
ddCTP, ddGTP, ddlTP and ddTTP; and 

d) a detectable element and/or separation element 

which is optionally attached to the oligoimcleotide 
primers or one cr more of the nucleotides. '> 

37. A kit for detecting whether a specific nucleotide or base 

IS at a particular position in a specific polynucleotide 
sequence in a material comprising: 

a) an oligonucleotide primer having a sequence complementary 
to part of the specific polynucleotide sequence wherein 
said primer binds to part of said specific polynucleotide 
sequence immediately adjacent to the particular. i)osition; 

.■ ■ 

a polymerase enzyme for extending the oligonucleotide 
primer; 



b) 
c) 



one nucleotide selected from the group consisting of 
dATP, dCTP, dGTP, dTTP, dUTP, dITP, ddITP,= ddATP , ! ddCTP , 
ddGTP and ddTTP with the proviso that said nucleotide is 
selected whereby bound primer is only extended up to and 
including said specific nucleotide or ba^e. when said 
specific nucleotide or base is at the particular position 
in the specific polynucleotide sequence; and 



5 



wo 90/09455 



52 



PCr/AU90/000S8 



d) a detectable element and/or separation element whereby 
extended primer has a detectable element and/or a 
separation element at a position complementary to said 
specific nucleotide or base and a detectable and/or 
separation element optionally attached to the 
oligonucleotide primer. 

38, A kit for detecting whether the same or different * 
specific nucleotides or bases are at particular positions 

in at least two different specific polynucleotide ^ 
sequences in material having a plurality of different 
polynucleotide sequences comprising: 

a) at least two different oligonucleotide primers 
each of said primers having a sequence 
complementary to part of one of said specific 
polynucleotide sequences wherein each of said primers 
binds to its complementary polynucleotide sequence when 
present in said material each of said oligonucleotide 
primers binding to part of a different specific 
polynucleotide sequence to that of the other primer (s) 
and wherein each of said primers binds to its 
complementary specific polynucleotide sequence in said 
material immediately adjacent to the particular position; 

b) a polionerase enzyme(G) for extending the different 
oligonucleotide primers; 

c) at least one nucleotide selected from the group 
consisting of dATP, dCTP, dGTP, dTTP, dUTP, dITP, ddlTP, 
ddATP, ddCTP, ddGTP and ddTTP with the proviso that said- 
nucleotide is selected whereby, bound primer is only 
extended up to and including said specific nucleotide or 
base when said specific nucleotide or base is at the 
particular position in the specific polynucleotide 
sequence; and 

d) at least one detectable element and/or separation element 
whereby each extended primer has a detectable element 
and/or a separation element at a position complementary 
to said specific nucleotide or base and a detectable 
and/ or separation element optionally attached to the 
oligonucleotide primer. 

39. A kit for detecting whether a specific nucleotide or base 
is at a particular position in a specific polynucleotide 
secjuence in a material comprising: S 

a) an oligonucleotide primer having a sequence complementary 

to part of the specific polynucleotide sequence wherein ^ 
said primer binds to part of said specific polynucleotide 
sequence not immediately adjacent to the particular 
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position whereby there is an intervening sequence between 
the particular position and primer bound to ".the specific 
polynucleotide sequence; , 

b) a polymerase enzyme for extending the oligonucleotide 
primer; ..■ 

c) one nucleotide selected from the group consistinq of 
dATP, dCTP, dGTP, dTTP, dUTP,.dITP, ddlTP, ddATP, ddCTP 
ddGTP and ddTTP with the proviso that said nucleotide ik 
selected whereby bound primer. is only extended up to and 
including said specific nucleotide or base: when said 
specific nucleotide or base is at the particular position 
in the specific polynucleotide sequence with the proviso 
that the intervening sequence cannot be one where bases 
or nucleotides complementary to the intervening sequence 
and which are incorporated into the extended primer cause 
incorporation of an interfering detectable and/or 
separation element; and 

d) a detectable element and/or separation element wherebv 
extended primer has a detectable element and/or a 
separation element at a position complementary to said 
specific nucleotide or base and a detectable and/ or 
separation element optionally attached to the 
oligonucleotide primer. 

A ^'it for detecting whether the same or different 
specific nucleotides or bases are at particular pos-!^-ions 
in at least two different specific polynucleotide 
sequences m material having a plurality of different 
polynucleotide sequences comprising: 

a) at least two different oligonucleotide Df-imers 
each of said primers having a sequence 
complementary to part of one of said specific 
polynucleotide sequences wherein each of said primers 
binds to its complementary polynucleotide sequence when 
present in said material each of said oligonucleotide 
primers binding to part of a different specific 
polynucleotide sequence to that of the other primer (s) 
and wherein each of said primers binds to its 
complementary specific polynucleotide sequence in said 
material not immediately adjacent to the particular- 
position whereby there is an intervening sequence between 
the particular position and primer bound to the specific 
polynucleotide sequence; 

b) a polymerase enzyme (s) for extending the different 
oligonucleotide primers; 

c) at least one nucleotide selected from the group 
consisting of dATP, dCTP, dGTP, dTTP, dUTP, dITP,.ddITP 
ddATP, ddCTP, ddGTP and ddTTP with the proviso that said 
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nucleotide is selected whereby bound primer is only 
extended up to and including said specific nucleotide or 
base when said specific nucleotide or base is at the 
particular position in the specific polynucleotide 
sequence with the proviso that the intervening sequences 
cannot be ones where bases or nucleotidies complementary 
to the intervening sequences and which are incorporated 
into the extended primer (s) cause incorporation of an > 
interfering detectable and/ or separation element (s) ; and 

d) at least one detectable element and/or separation element ^ 
whereby each extended primer has a detectable element 
and/or a separation element at a position complementary 
to said specific nucleotide or base and a detectable 
and/or separation element optionally attached to the 
oligonucleotide primer. 

41. An apparatus for performing the method of any one of 

. claims 1 to 8 comprising: 

a reactor; 

means for adding oligonucleotide primer and reagents for 
extending said primer to said reactor^ said means for 
adding being operatively associated with the reactor; 

means for separating extended primer into at least one 
fraction(s) and for holding said fraction(s), said means 
for separating being operatively associated with the 
reactor; and 

a detector for detecting the presence of any extended 
primer(s) in said fraction{s), said detector being* 
operatively associated with said means for separating. 



wo 90/09455 



- 55 - 



PCT/iu?O/06O58 



42. A screening method for detecting the presence of at VVas^^t^ : 
different specific polynucleotide sequences In material' haying a 
plurality of different polynucleotide sequences comprfstrrg: 

a) exposing said material to at least two different ol IgonufcTeottde 
primers each of said different oligonucleotide primers haying a 
sequence complementary to part of one of said different. sfil^clf 1c 
polynucleotide sequences wherein each of said primers binds '^o part 
of one of said different specific polynucleotide sequieQcei; when 
present In said material each of said oligonucleotide prli^rs binding 
to part of a different specific polynucleotide sequence to the other 
of said oligonucleotide primer(s); 

b> extending said different oligonucleotide primers bound to their., 
different specific polynucleotide sequences wherein any extended 
primer Includes a detectable element and/or a separation "element; 

c) separating any extended primers into a fraction wherein said fraction 
does not have detectable element not Included -In said Extended 
prlmer(s); and 

d) determining whether any extended primers are present In said' fraction 
by assaying said fraction for all of said extended primers wherein 
the presence of any one of said extended primers Is Indicative of the 
present of at least one of the different specific polynucleotide 
sequences In said material and the absence of all of said extended 
primer(s) in said fraction Is Indicative of the absence of allof the 
different specific polynucleotide sequences In said material'; 

43. A screening method for detecting whether the same or different 

specific nucleotides or bases are at partlcuVa? positions ^n at least 
two different specific polynucleotide sequences In material haying a 
plurality of different polynucleotide sequences comprising: " ■ ' 

a) exposing said material to at least two different oligonucleotide 
primers each of said different oligonucleotide primers having- a 
sequence complementary to part of one of said different .spictfi^ 
polynucleotide sequences wherein each of said primers binds" to its 
complementary polynucleotide sequence when present in said material 
each of said oligonucleotide primers binding to. part of a different 
specific polynucleotide sequence to that of the other prlmiV|^.> and 
wherein each of said primers binds to its fcomplementairy Ipeclfic 
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polynucleotide sequence in said material Immediately adjacent to the 
particular position; 

b) extending said different oligonucleotide primers bound to their 
complementary polynucleotide sequences with the proviso that each of 
the bound primers Is only extended up to and Including the particular 
position when said specific nucleotide or base is at the particular 
position In the specific nucleotide sequence wherein each of said 
extended primers has a detectable element and/or a separation element 
at a position complementary to said specific nucleotide or base; 

c) separating any extended primer(s) which has extended only up to a 
specific nucleotide or base at a particular position into a fraction 
wherein said fraction does not have detectable element not Included 
in said extended primer; and 

d) determining whether at least one extended primer 1s present in said 
fraction by assaying said fraction for all of said extended primers 
wherein the present of an extended primer Indicates that at least one 
specific nucleotide or base is at a particular position In a specific 
polynucleotide sequence and the absence of all said extended primers 
in said fraction Indicates that at least one specific nucleotide or 
base Is not at a particular position In any of the different specific 
polynucleotide sequences. 

44. A screening method for detecting whether the same or different 

specific nucleotides or bases are at particular positions In at least 
two different specific polynucleotide sequences in material having a 
plurality of different polynucleotide sequences comprising: 

a) exposing said material to at least two different oligonucleotide 
primers each of said different oligonucleotide primers having a 
sequence complementary to part of one of said different specific 
polynucleotide sequences wherein each of said primers binds to its 
complementary polynucleotide sequence not immediately adjacent to the 
particular position whereby there Is an intervening sequence between 
the particular position and primer bound to the specific 
polynucleotide sequence when present in said material each of said 
oligonucleotide primers binding to part of a different specific 
polynucleotide sequence to that of . the other primer<s); 

b> extending said different oligonucleotide primers bound to their 
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complementary polynucleotide sequences wherein each of the bound 
primers Is only extended up to and Including the particular position 
when said specific nucleotide or base Is at the particular position 
In the specific nucleotide sequence wherein each of said extended 
primers has a detectable element and/or a separation element at a 
position complementary to said specific nucleotide or base with the 
proviso that the intervening sequences cannot be ones where ,ba'|es or 
nucleotides complementary to the Intervening sequences and Which are 
Incorporated Into the extended prlmer(s) cause Incorporation of 
Interfering detectable and/or separation element(s); 

c) separating any extended primer which has extended only up to a 
specific nucleotide or base at a particular position Into a fraction 
wherein said fraction does not have detectable element not Included 
in said extended primers; and 

d) determining whether any extended primers are present In said fraction 
by assaying said fraction for all of said extended primers wherein 
the presence of an extended primer Indicates that at least. one 
specific nucleotide or base Is at a particular position in a.speciflc 
polynucleotide sequence and the absence of any extended primer . 
indicates that a specific nucleotide or base is not at a particular 
position In any of the different specific polynucleotide sequences. 
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